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Citronella oil, the essential oil of paramount commeroial
importance, is obtalned from two taxonomically and chemotaxonomically -
- proximal but morphologically and physiologically distinguishable
species. One is Cygbopogon nardus Fendle, Jenabatyu (Andropogon pandus
gevlen de Jong), the so-called "lenabatu", "nev grass" or “Ceylon
citronella", which contributes the bulk of "Ceylon oil" and propore
tionately a very small quantity of "Java cil®", The other 1s Cymbopogon
¥interianus Jowitt,mabapengirl (Apdropogon pardus Java de Jong), the
so-called "gghapengiri”, "OCld grass”, "inter's grass" or''Java
citronella”, which produces the bulk of "Java oil" and proportionately
a very small amount of "Ceylon oil" (Guenther, 1950). Java citronella
is superior to Ceylon citronella in terms of oil yield as well as oil
quality, particularly for higher content of the commercially important
principles, g,g, geraniol, citronellal and citronellol (Guenther,
19503 Anon, 19503 Bor, 19603 Virmani gt al., 1967b;Virmani and Datta,
19713 virmant gt al., 1979 and other workers), '

Both the species of citronella belong to genus Cyghopegen
Spreng.of tribe Andropoconeae under group Panicoideae of family
Gramineae (Bor, 1960), Aecording to Guenther (1850) all the cultivae
ted types of cltronella are descendants of ¢, gonfertifiorug Stapf,
the so-called "mana" grass, which occurs wild in Ceylon, Bor (1960)
also considered C. pardus var. gonfertiflorua (Steud,) Stapf to be
the parent of both C. pardus and ¢. yinterianus.

"Mahapengiri" was introduced from Ceylon, its gentre of origin,
in Java (1889), Taiwan (1912), Central Ameriecan States of Honduras and
Guatemala (1940) and later on in other South Ameriean countries,
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Present world production of citronella oil amounts to about 5,000
tonnes mainly contributed by Taiwan, Guatemala, lionduras, Malaya,
Brasil, Ceylon, India, Argentina, tguador, Madagascar, Mexico and

West Indies, Introduction of citronella in India dates back to 1959
when a fev slips had been collected from Java by National Botenical
Research Institute, jlhelt successful acclimatiration at Lucknow,

the introductlion was not followed up and was totally lost due to
flood, Fortunately, a simultaneous introduction of a few slips from
Java by Cinchona Department, Ootacamund, through the eourtsey of
Egssential Olls Research Committee, CSIE, helped the establishment

and extension of this crop in India by CIMPO (presently CIMAP) Regional
Centre at Bangalore in 1961, In India, 300~350 tonnes of oil had been
produced for the last 6-8 years prior to 1979 in the States of Assanm,
Karnataka, Maharashtra, Tamil Nadu, Uttar Pradesh and “est Bengal
(Virmani g% al., 1979).

Statistics of importeexport of different essential oils for
1960-'61 to 1876-'77 (Anon, 1968-177, Virmani and Datta, 1971) reveal
that India had been successful to dispense with import of citronella
oil only since 1974~'7?5, HNarayana gt al. (1976) observed an apparent
surplus avallability of this o1l in Indian market since 1974-175 in
the perspective of the size and needs of the essential oll for the
existing industries. They also extended several suggestions so ag to
boost up the national export potential in respeet of eitronella oil.

‘ Java citronella oil contains an array of chemical constituents
(Guenther, 1950, 1968; Anon, 1950; Virmani and Datta, 1971j; Virmani
% ale, 1979) of which commercially most important principles comprise

of eitronellal, geraniol and citronsllol., The oil serves as a starting
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material for extraction of various important isolates, such as,
geraniol and eitronellal, which can be further converted intc some

of the extensively used aromatics, such as, citronellol, hydroxye
citronellal, synthetic menthol, esters of geraniol and citronellol,
stc, This oil finds its use also in scenting of soaps, mosguito
ropelledt ereams and other technical preparations (Guenther, 19850%
Anon, 19803 Bor, 19603 Virmani g& zl., 1879)., This oil also possesses
appreciable medicinal potentialities (Suri gt gl., 1978).

4th the ever 1hcreasing demand of this oil for diverse induge
trial products (Virmani gt 3l.,1979), it 1s imperative that the pro-
jeated surplus shown in 1974-'75 has dwindled down to the level where
the total oil produced in India might just meet the need for the
industries, The possibility of extension of areca of cultivation to
balance thes need appeafé to have reached its limit yis-g~yig the
competition on lands oecupied by food grains and plantation erops, The
improvenent of essentlial oil yield per unit area as well as tolerance
to minimum cultivation would go a long way to establish this ecrop as

an lmportant ecash crop in the limited area,

In spite of its immense economic importance not much work has
been done so far for improvement of this erop through applied genetiecs
(Chauhan gt al., 1976; Gupta & Jain, 1978; Choudhary and Kaul,l980a).
Whatever information is avallable i3 not inadequate toc indiecate the
possiblility of genetic upgrading, particularly in the vegetati?ei&
propagated Java citronella, Attempts.have been made in this treatise
to evaluate the exploitability of natural genetic resource for identie
fication of improved genotypes., The possibility of selection for
beneficial genotypes for oil yield has also been studied from mutated
clones subjected to dechimerization and selection,
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Frae{intran and interspecific hybridization (Bor, 19533 Gupta,
1971) have reportedly resulted in a swarm of transition forms in .
general in the genus Cymbopogen Spreng, (Anon, 1950) and in g,
yinterianug Jowitt also (Ravikumar and Karayana, Personal Communie
cation), Besides, this species had been under natural and concomitant
artificial selection while grown in various countries in diverse
edapho-climates, Thus, free hybridisation coupled with selection
pressurss had most plausibly yiclded minor evolutionary changes,whieh,
in fine, resulted in various genetically stabilized, morphologically
diseernible and economieally distinet types or cultivars in this species
(Kole gt al.y 1981b), To date, in India, there are four such exotié
types or cultivars introduced from Java (Virmani gt al.,1979), later
on discriminated into Java-l or Java (Type~l) and Java-ll or Java
(Type-I1) (Rajamani gt al.,1965),from Guatemala (Naryanana and
Ganesha Fao, 1968) and from Burma (Kaul g% gl., 1977), hereinafter
denoted as Java-l, Java~Il, Guatemala and Burma respectively.

Comparative assessment was reported in respect of general pers
formance, yleld and composition of oil between Java=-I and Java~II by
Virmani gt al. (1967b, 1879) and among Java~l, Java«Il and Guatemala
by Narayana gk al. (1976). Kaul gt gl. (1977) compared Burma with
Java~Il (cited as 'Burmess' and 'Java' respectively) in terms of
apparent growth and vigour, herbage yield per plant, oil percentage
and oil constituents. Ravikumar and Narayana (Personal Communication)
depicted the distingulshing morphological features of Javael, JavasII
and Guatemala to facilitate idantification, They evaluated the quality
of oils also. Kole gt al. (1981b) studied the morpho-economic features
of Burma, wherein differences from other three cultivars were also cited,
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Loustalot and Fernandez Pol (1949) reported the differences of 'Java'
and Guatemala for yleld of fresh grass, yleld and percentage of oll

and geraniol content in oil at different heights as stage of harvest.

But in all those studies except that of lLoustalot and Fernandesz
Pol (le.ce) intervarietal differences of the characters were not sub=-
Jjected to statistical estimation but were obhserved at visual and or

numerical level,

A statistical approach was undertaken at Bangalore “eglonal
Centre of CIMAP with a viev to estimating the nature and extent of the
natural intra-varietal variation of eighteen characters and intervariee
tal variation of twenty characters in four cultivars, 21&",£§I§:§1m
Java-11, Guatemala and Burma (Kole gt al.,1980). |

frrr \.0..../;‘_.,._ IO

&E?e ob jective of the pregsent study is to estimate the genetic
base of varlation in and among the cultivars, to identify the best
assemblage of morpho-economiec characters for effective selection
response of the genotypes and to apply selection procedure on that
" basis to isolate the biologically éompetent genotype for future

breeding works{)

Egtimates of the genetic parameters, such as, genotypic coeffie
cient of variation, genetic advance and heritability are basic to any

selection programme, The present author 1s not aware of any such

information in this erop.

<%§e present experiment encompasses, in its second step, estimae
tion of these genetie parameters and therefrom, the prediction of the .

relative worth of some characters in selectioné)

011 yleld in citronella, similar ¢to other crops, is a quantitative
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echaracter, which, most coften, reglsters lov tc modsrate heritability,
This character would most likely suecunmd to environmental interaes
tions, llardly raliable and pffective would be this character as a
selection ceriterion., The component characters contriduting to this
eomplex character may very well be eiploited in the alternative approach
based on "ecorrelation and causation” proposed by 'right (1321 a)e. Sueh
a component approach has been attespted with two st-ps, <§§e first

step alnz at deternication of the nature and oxtent of correlaticus
anong oll yisld fro: leaf and the probable eoﬁtrlbnting characters,

The second one inveolves in the estization of the direct and indirect
contrihutions of these characters toward oil yicld frou 1ea(;> These
findings have been utilized to identify the characters wertﬁwnile

to be effective and profitable hasis of selzotion for genetic upgrading
of thiz crop. |



According to Virmani gt gl. (1979) citronella was introduced
in India fro: Java in 1956 at the Hational Botanical Fesearch
Institute, The plants acclimatimed successfully in a small scale
plantation at Lueinow, But this introduction was not followed up as

the crop perished in flood,

Java citronella was simultaneously introduced in India by the
Cinchona Department, Ootacamund in around 1959 (Virmani gt gl., 1979).
According to Harayana gt ale (1976) the Bangalore Regional Centre of
CL#PC (presently CIMAP) had obtalned these slips in 1962 in tvo consigne
ments, which appeared to be a single straln, yiz., Java citronella,
But while grown at Bangalore, these exhibited a conslderable variation
and was discriminated into two cultivars, ylz,, Java=I and Java-1I. A
subgsequent introduction of another sample of Java citronella slips was
made fror Guatemala in Central America, Repeated ohservations proved
Java-Il to be the best amongst three cultivars, The oil of Java~II
gained acceptance from perfumery industry and it was, therefore,

selected for large scale eculti.ation,

Virmani gt ale. (1967b)reported Java-I and Java-II to contain
alcohols ealculated as geraniocl to the extent of 71,24% ana 65,18%
respectively while aldehydes calculated as eitronellal to the extent
of 13,85% and 37.0% respectively,

Loustalot and Fernandez Pol (1949) conducted an expefiment to
study the effect of harvesting citronella ('Java' and Guatemala) at e
three different heights (minimum - 1,00 m, medium « 1,35 m and maxtléh'ﬁ
1.83 m) and the three numbers of harvest (8, 11 & 15) over a period
of four years on yleld and oil content. In all the treatments, Java
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surpassed Guatemala in respect of production of fresh grass. Guatemgla
surpasged Java with respect to percentage of oll, as a result of which
Guatemala produced higher average yileld of oll per heetare than Java
while harvested at maximuin or low height, But the result vas reverse
when harvested at medium helght since percentage of oll 1n Guatemala
was not much higher than that in Java when harvested at medium height,
and tihe yleld of grass was highier in Java than that of Guatemala.
Guatenrala was slightly but consistently superior with rerard to percens

tage of geraniol,

Introduction and chemical evaluation of 'Burmese citronella’
was reported by Kaul g% agle. (1977). "lanting materials were obtalned
through the courtsey of Dr, .\, K. Janakl Ammal from c¢oliections maine
tained at the Botany Deparinent of Hadras University. Those were
planted in experimental plots of RRL, Jammu, along with 'Java', The
cultivars appearsd to be morphologically similar, But 'Burmese’ had
an edge over 'Java' in growth and vigour, Oil content of 0,87 vas
same for both the cultivars. However, GLC analysis of oil revealed
accountable differcnees, The peveentages of ecltronellal, citronellol,
geraniol ani geranyl acetate were 66,3, 6.4, 14,7, 4.2 respectively
for 'Burmese' and 48,6, 14.2, 29,6 and 0.5 respectively for t'Java',
Hence, ‘Burmese! was clalmed superior to 'Java' as a source for

citronellal,

But in all of these studies only the economic characters, ylz.,
fresh herbage yield, oll yield, oil econtent and oil composition were

taken into consideration.

Ravikumar and Narayana (Personal Communication) subseguently

carried out a comprehensive comparative study on some economic as well

S



as morphological characters of Java-l, Java~ll and Guatemala along
with Ceylon citronella (L. pardug “endle), They studied on the
"nature of the plant, number of vegetative shoots/clump, number of
flowering shoots/clump, nature of the leaf blade, colour of the leaf
blade, flowering, duration of flowering, nature of flovering shoots,
length of the panicle, nature of the panicle, arrangement of the main
lateral branches on panicle axis, number of splkelets per raceme,
lodicules & style", The qualitative studies ofl oils revealed the
contents (per cent by weight) of total alecohols calculated as geraniol
to be 62,0, 94,0 and 90,8 and total aldehyde caleulated as citronellal
to be 18.1, 44,1 and 37,9 for Java-Il, Java-Il and Guatemala respectie
vely as agalnst 85974 totzl aleohols ealculated as geraniol and
35-45% total aldehyde calculated as eitronellal stipulated by ISI
(Anon, 1957),

All the reports except that of Loustalot and Fernande» "ol
(1942) were based on visual and or comparison of the numerical records
of observation, The retrospect reveals two facts, f,8., (1) test
of statistical significance of the observed intervarietal differences
for all ifmportant characters is still lacking; (i11) a handful of
otrier characters which may have important impact on economic product
avaits statistical evaluation,

The author conducted (Kole gt al., 1980) an experiment at
Bangalore Centre of CI¥A? to study the natural variation in four
cultivars, yiz,, Java-l, Java~Il, Guatemala and Burma, Apart from
the sixteen morphological characters considered in the present experie
ment, percentage and yleld of citronellal and geraniocl werec also

included in that experiment,
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Ho information, whatsoover, i1s avallable regarding the estimates
on genetic parameters, correlations of yleld contributing characters
as well as the relative contrivutiocns of these characters on cil yield

of Java eltronelia ,

The existing base of variation in the clones of introduced
slips has provided sood clones for eultivation, Otill, further upgrae
ding is necessary for auguentatica of oil yield, The upgrading is
possible through genetic manipulation. The effectivity of any attempts
for genetie manipulation deponds on a ciear understanding of the

genetic background of the crop,



Three cultlvars were included in this experiment, Those were
Javael, Java-Il and Guatemala., Inclusion of Burma vas not possible
due to paucity of propagules., T"ropagating materials were obtained by
the courtsey of Bangalore “egional Centre of CIMAP,

This experinment waz conducted in the fHesearch Farm of BCEV at
Kalyani, “est Bengal., Infcrmation on soll of the Farm and the
climate durin: growinz period are furnished in Annexure I, Randomised

Block Design with five eplications woas followed for this expevimemt.
looted siips or 'bibits' of about 20 es longth were transplanted
on 5th March, 1980, E£ach slipwith l.2 til;ar(a) was placed in one
plantinz hole of about 12 ¢m depth, dug 60 em apart on the side of the
ridges at a distance of 75 em. io manure or fertilirer was used,
“eading and irrigation vere provided as an? when needed, Harvesting
was done in the first fortnight of Oetoher, 1980 at 5-6 leaf stage,

The biometrical data were recorded on freshly harvested individual
clumps. O4l recovery and oll yleld variables were determined from
distillation by Clevenger's apparatus (1928),

For studles on variation and genetic paraneters sixteen morphoe

econonmic characters werse included, These were as follows,

le 01l yield froa herbage in oc,

2. 011 yield from leaves 4n ce,

3. C1l yleld from stems in ce, ‘
4s Oil reocvery from 100 g herbage in ce,
5+« 011 recovery from 10C g leaves in oe,
6+ Cil recovery from 100 g stems in ec,
7. “elght of herbage in g,



8. ‘'elght of leaves in g,

8., “elght of stems in g,

10, HNumber of tillers, |

11, Average number of leaves per tiller,

12, Average length of tillers in om,

13, Average length of 8rd.leaf blades in cn,

14, Average maximum breadth of 3rd. leaf blades in cm,
15, Average length of stems in om,

16, Average basal girth ¢f stems in ¢nm,

In citronella, only leaves are used for distillation (Guenther,
1950), since other parts contain lower percentages of oil and those
are also of inferior quality (Singh et al., 19763 Virmani gt al.,1979).
For this reason, cil yield from leaf was taken as dependent variable
and other five characters having bearing on this were selected as
independent variables for studies on correlations and pathecoefficlent
analysis, The independent characters included leaf welght, tilier
number, tiller length, leaf length and leaf broeadth,

Variance analysis for each variable was carrled out to assess
intervarietal varlation and genetic parameters, yiz,, genotypic
coefficlient of varlation (GCV), heritability im broad sense (HZ) and

genetic advance percentage of mean (GAX of mean),

Variance and covariance analysis for each of and for each pair
of variables served for computing phenotypic, genotypic and environe
mental correlations from respective veriance and covariance components,

Pathecoefficlent analysis was carried out at phenotypic levsel followe
ing Dewey and Lu (1959), Details of the statistical  procedures

ave ﬁu'w\\'s\ned v Awvmexuve -1V



BESVLIS AND DISCUSSION

dntervarietal variaticn
The results on intervarietal variation are furnished in

Table Ho, 1, Results of Ama\vénis o} voavianee ave Aurnished am
Avnmexuye -V

These results have been compared with those from the experiment
conducted at Bangalore leglonal Centre of CIMAP by Kole gt al. (1980),
In the following discussion, that experiment is cited as experiment

‘at Bangalore' for brevity,

In the present experiment, oill yleld variables nave registered
significant variation at both 5% and 1% levels, while at Bangalore
significant variation at 5% level was cbtained for only oil yield from
stem, Java-ll has outylelded Java-l for stem and Guatemala with
regard to herb, leaf and stem at both the levels. Javael has been
significantly (at 5% level) superior to Guatemala for oil yleld from
herb and oil yield from leaf,

011 rec¢overy from herb and from leaf have exhibited highly
significant variation, At Bangalore, all the oil recovery variables
registered hichly significant variation, The differsnce between
Java-ll and Java~l has been insignificant but it was highly signifi.-
cant at Bangalore, Java~ll has been consistently superior to
Guatemala at both the levels in both the experiments except oil
recovery from stem in the present experiment. The difference between
Java-l and Ouatemala has been insignificant in both the experiments
for olil recovery from stem, [or oil recovery from herb and from leaf
Java=I has outylelded Cuatemala at only 5% level, while at Bangalore,
Guatemala surpassed Java-l at both the leveis, Consistently higher
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recovery of oil from fresh grass of Guatemala over ‘Java'! vas
reported by Loustalot and Fernandes Pol (1949), It appears that
their *Java' behaved like Java~-l type of strain, For oll recovery
variables also Java-Il appears to be consistently superior,

All the three characters pertinent to weight have varied sige
nificantly at &% level, whereas it vas only stem weight at Bangalore
to do so, Java~IIl significantly lagged behind Java~I and equalled
Guatemala for stem weight at Bangalore, But JavaeIl has significantly
outveighed Javael for stem and Guatemala for stem, leaf and herd,
Java«~1l has exhibited significant superiority over Guatemala for leaf
weight only, while it significantly ocutweighed Guatemala for stem
only at Bangalore., Poor performance of Guatemala as compared to
'Java' with respect to weight of fresh grass reported by Loustalot
and Fernandes Pol (1948) finds support from the present experiment,
“¥his substantiates the earlier assumption that their 'Java' strain
vas of same behaviour as that of Java-l, In terms of weight

variables also, Java~II, ipso fagto, emerges out as no less better
than Java-l,

With regard to tiller number, variation realized has been
highly significant, At Bangalore, variation was significant at only
&% level, Java-I has been found to significantly outnumber Javaell
at both the levels and Guatemala at 5% level, But at Bangalore
Java-l was significantly inferior to Java-II and did not differ from
Ouatemala, The results of the present experiment conform to the
numerical observation of Favikumar & Harayana (Personal Communie
cation). They observed Java-l, Guatemala and Java~-II to assume mumber
of vegetative shoots as 90-110, 70-95 and 60-85 respectively,
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Insignificant variation has been found in respect of leaf
nunber, This finding is similar to that of the experiment at
Bangalore,

Regarding tiller length Java-Il and Java-I, with no significant
difference in between, have surpassed Guatemala at both the levels,
But at Bangalore Java~l vas significantly superior to both Guatemala

and Java-ll, which had no difference in between,

; vith regard to leaf length the results have been similar to
those for tiller length, At Bangalore Java-I was superior to both
Guatemala and Java-1l at both the levels and Guatemala was superior
to Java-Il at 5% level, Ravikumar and Narayana (Personal Communicae
tion) claimed Java-I to be tallest and they observed length of leaf
blade of Java~l, Java=IIl and Guatemala as 85110 cm, 60«75 em and
6070 em respeetively, Their findings are, more or less, similar to
those obtained from the experiment conducted at the same place of

experiment as theirs,
8

For leaf breadth Java~ll has registered highly significant
superiority over both Guatemala and Java=l and Guatemala has exhibited
superiority over Java~I at 57 level., The variation for leaf breadth
at Bangalore also was highly significant. But at both the levels,
Java~II and Guatemala had no difference in between and both were detter
than Java~I at both the levels, Ravikumar and Narayana (Personal
Communication) observed leaf breadth for Java-II, Guatemala and Java~l
as 17«22 mm, 1520 mm & 10«14 mm respectively, The findings of the
sxperiment at Bangalore are, more or less, congruous to those of their
numerical observation,
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An insignificant variation has resulted for stem length, In
contrast, a highly significart variation vas observed at Bangalore,
vhere at both the levels, Java~I was better than Guatemala, which,
in turn, vas better than Java-li,

Regarding basal girth at both the levels, Java-II has been
found to be superior to Guatemala, which, in turn, has surpassed
Java=I, At Bangalore at both the levels, Java~l was superior to
both Java~Il and Guatemala but the latter two stralns 4id not differ,

The p&csant experiment and the experiment conducted at Bangalore
reveal comparable response for most of the characters, However, some
dissimilarities have also cropped up, These may, presumably, have
rooted from the completely contrasting and drastically different
edaphoeclimates, interaction of which has a strong bearing upon the
ultimate phenotypiec expression of any quantitative character, Apart
from environmental deviation, the intravarietal variations in all
the cultivars at Bangalore seem to have played a vital role., The
samples of 'bibits' collected for the present experiment were not
systematic for the spectrum of varlation for all the cultivars,

Another fact of interest emerges out of the experiment is
that nine characters, ylg., oll yield from stem, 01l recovery from
herd, oll recovery from leaf, stem weight, tiller number, tiller
length, leaf length, leaf breadth and basal girth have exhibited
consistently significant variation, But six characters, ylg., oil
yield from herd, oil yield from leaf, oil recovery from stem, herd
vweight, leaf welght and sten weight have revealed significant
variation in either of the experiments, Leaf number has shown
insignificant variation in both the experiments,
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Java~1l appears to be a consistently superior strain for most
of the important characters, Moreover, it bears oil of zood quality.
Virmanl gt al. (1967b) reported superiority of JavaeIl over Javael
in terms of total aldehydes calculated as citronellal dbut a slight
inferiority to Java~l regarding total alcohols calculated as geraniol,
But superiority of Java~ll over Javael for both alcchols and aldehydes
vwas clalmed by Virmani gt al. (1979). Frou repeated ohservations on
Java-I, Java-1l and Guatemala, llaryana gt al. (1976) rated Java-ll as
the best typs. 1ts olli also met the Indlan Standard specifications
(Anon, 1957) for Java type c¢itronella oll of 85«87 per cent by
welght of total alcohols (as geranlol) and 35«45 per cent by welght
of total aldehyde (as citronellul)., 1Its oll also gained accep~
tance from perfumery industry and, therefore, it was selected for

., iarge scale production, Ravikunar and Harayana (Personal Communicas
tion) found Javaell and Guatemala to mwet Indian Standard specificae
tions for Java type citronellal oil, ut Java-Il surpassed
nunerically both Guatemala and Java~l in terms of total aloohols
calculated as geranlol and total aldehvde content calculated as
eitronellal., Slightly but consistently higher percentage cf
geraniol in nll of Guatsmala over 'Java'! was reported by Loustalot
and Fernandez Pol (1249), Thel» fiadiigs find parity 1n those of
Kole gt al. (1980), who through GLC analysis observed Guatemela to
lead with 26,026% geraniovl, Guateomala was nuierically better than
Java-1 (24,603%) but significantly superior to Java~II (20,178%)
and Burma (17.808%) at both the levels, For citronellal percentage,
Guatemala (45,01) was also found to be significantly better than
Burna (35,188), Java-II (33,796) and Java~l (8.061) at both the levels,
Hovwever, Java 1I was superior to Java-l at both the levels, Kaul
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¢t als (1977) also evaluated the olls of 'Java'! (Java~Il 135 called as
tJava', Virrani gt ale, 1979) and ‘Burmese’ by GLC analysis, They
found much higher percentage of citronellal in 'Burmese' (66,3%) than
in 'Java' (48,6%), But 'Java' was found to be superior in respect of
eitronellol (14.2%) and geraniol (29,6%). ‘Burmese'’ contaided 6.4%
eitronellol and 14,77 geraniol. According to Guenther (1968) GLC
standard of Java citronella oil for citronellal, geraniol and citrones
1lol 1s as follows,

Citronellal « 32«46%, best quality above 38%
Geraniol - 12.18%, * o = 16%
Citronellol « 1lle15%, * " w128

Soy oll of Java~ll falrly meets the requirements of GLC gtandard also.
Even the oil exceeded the speclfications for bdest quality for geraniol
at Bangalore and the oill of 'Java' exceeded the requirements for best

quality for citronellal, citronellol and geraniol of GLC standard,

80, on the basis of encouraging overall performance regarding
most of the morphoeeconomic characters, Java«ll deserves to be a
potential base materlal for genetic amelioration of this erop for
yileld and quality,

Genetlc Parameters

The estimates of the genetic parameters under study, yiz.,0CV,
HZ and GAZ of mean for 16 characters are furnished in Tadle FNo. 1,
The values realised for GCV and GAY of mean have been arbitrarily
rated as low (below highest value/3), moderate (within highest value/3
to 2 x highest value/3) and high‘(exeending 2 x highest value/3), The
same ansumption vith 100 as the highest value has been adopted for
ratlng ﬂ!.
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High GCV estimates have been obtained for oil yield fron stem,
ieaf and from herb, leaf breadth and tiller number.., Moderate values
have been obtainsd for stem weight, basal girth, oil recovery from
leaf and herd, leaf weight, herb welght and leaf length, Low have
baen the estimates for tiller length, oll recovery from stem, leafl

nunber s=nd stem langth,

So far as the values of GAZ of mean are concarned, the charaec~
ters under high category are leaf breadth, oll yicld from stem, leaf
and from herb and bascal eglrtin, Moderate values have been assuned by
tiller number, ztem weight, oil recovery from lsaf and from herb, leaf
weight, herb weight and leal leagth, LOw values are associated with

tiller length, oil recovery irom stem, leafl number and stem length,

High HY% estimates have been obtainad for leaf breadth, hasal
girth, tiller leugth, leaf longth, oll vield from ster.,, cll reccvery
from herb and from leaf, Hoderate values have been rcallsved for ofl
yleld fron herb and fron leal’y tiller number, stem welght, leaf
veight, herb weight and leaf number, Low are the vnlues assoclated

with ol recovery from stes and stem length,

It is of interest to note a very cloce bohaviour of GV a:d GA¥%
of mean. For each character, value is high, moderate or low for hoth
the parameters, Even the sequencial positions of characters in order
of GCV estimates are, more or leas, sane while compared to those
arranged in order of GAY¥ of wcan and yige yersa. But such type of
similarity of HX with either GOV or C4i% of nean is beyond generalie
sation,

Out of 16 characters, leaf breadil emerges out as mosi promising,
It has registered highest values for N7 and GA¥ of mean and has ranked
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4th for GCV value, An association of high values of Hf, GCV and GAS
of mean proves its worth as the most important selection eriterion, -
8ince, this type of assoclation indicates additive gene effects and
leads to consequent genetic galn from sslection (Panse, 1957),

An assocliation of high estimates of HZ, CCV and GAX of mean
has been realised for oil yieléd {rom stem also, For the other two
oll yleld variables an assoclaticn of high GCV and GAZ of mean and
moderate L% has been obtained. In contrast, o1l recovery from herd
and from leaf have registered an sagsoclation of high HZ and moderate
GCV and GAZ of mean, lovever, the oil yield variables are complex
characters, 01l yield varlables as well as oll rocovery variables
can not be considered as selection criterla, since agssessment of these
variables by distillation for a large number of clumps in any breeding
experinent 1s not practically feasible.

Basal girth has assumed high values for d% and GA% of mesn and
moderate estimate for GCV, This character may be based upon in

selection.

All the three welight variables have régiatered moderate estimates
for GCV, GA% of mean and H%, These characters are difficult to handle

in field experiments and may be ccnsidered when sample si~e is small,

High GCV coupled with moderate E# and GA% of mean have been
realised by tiller number, Leaf length has assumed high HY together
vith moderate GCV and GAZ of mean, These two characters may also be

considered in selection,

Despite low GCV and GA% of mean, tiller length has registered
high HZ, for which this character deserves considsration,
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The genetie parameters of the three characters, yig., oil recoicry
from stem, leaf number and stem length, which have exhibited insignifie
eant variation also, reveal unaccountable estimates. Both oil recovery
from stem and stem length have been of a combination of low GCV, low
GA% of mean coupled with low HF, On the other hand, leaf number has
assumed low GCV, lovw GA% of mean associated with moderate HY,

From the above disgcussion, leaf breadth appears to bhe the most
important character as a seleection ecriterion, Basal girth, leaf length
and tiller number can also be taken in order of preference as seleetion
eriteria, Tiller length and welght variables may be included on

consideration,

2g=fggfgfnnﬁ.anﬁ_zﬂ&hznnﬂtxislsni

Direct, phenotypic, genotypic and environmental correlation
values of five characters inter ge and with oil yleld from leaf,
hereinafter cited as oll yield, are presented in Tadble Ko. 2,  The
results of pathecoefficient analysis (at phenotypic level) for those
characters are preaented in Table Ho, 3,

It 1s evident from Table lio, 2 that the correlations at phenoe
typic and genotypic level in cach eell are of same direction and have
assumed close values, The estimates of direct and phenctypic assoclia~
tions are also remarkably close enough in magnitude and are of same
sign, Host interestingly, the relationship of phenotypic, genotypie
and environmental correlation estimates along with heritability
values for a pair of characters universally followved a general formula

as follows 1
pxo \[Bie = \[omp (LeBg)
vhere P, G and E are phenotypic, genotypic and environmental




21

sorrelations estimated as usual from respective variance and covarie
ance components; H and Hy are heritability (in broad sense, Hf)

values of the two characters ianvolved in assoclation, The values of

HyHy and V (1-Hy) (1-H,) and Hf are also tabulated (Table No,2)

The associations at environmental level between leaf weight
and tiller length, leaf welght and leaf breadth, tiller number and
tiller length, tiller number and leaf leagth, tiller number and leaf
breadth and between leaf breadth and oil yleld have been found to be
negative, whereas phenotyplic and genotyple correiations havi b;on of
same direction, For each of these pairs P/G is less than HyHp »

Seecondly, the phenotypic correlation value has exceeded its
genotypic counterpart for assoclations between leaf velght and tiller
pumber and tiller number and oil yield, In both the cases E/C is

more than (le VHIEB) / V (l=Hy) (l-Hp) .

In rest of the cases phenotypic correlation values have been

less than gohotypic values, and in each of these cases E/G is less

than (1 -V Hlﬁg) / V (leHy) (leHp),

This relationship was deduced by Searle (1961) to study the
relationship of phenotypic, 'genetic' and envirommental correlations
along with heritability values derivad from certain animal records,
The present findings indicate éhat this relationship is as good 4in
Java eitronella also, Substitution of phenotypic correlation estimate
by direct correlation value also satisfies the equation,

Pathecoefficient analysis at phenotypic level has revealed



positive direct contribution of leaf length, leaf breadth, tiller
number and leaf weight on oil yiocld., But tiller length has registered
a negative direct effect,

lLeaf length has exhibited highest positive contribution. But its
indirect effect yia tiller lensth has been very high and negative, This
effect has outweighed its lovw but positive indireot eoffects yia tiller
number and leaf breadth, But indeed a very high direct offect, eyen
reduged to some extent, has resulted in a high positive association
with oil yield, The positive indirect contridutions of other charage
ters yla leaf length, particularly very high effects of leaf welight
and tiller longth and moderate effect of tiller number are also
encouragina, The leal length has been involved in a high positive
association with leaf woight, Correlation valuec of this character
with tillier length was also positive and very high,

Leaf breadth is second in magnitude of direet contribution on
oil yleld, But its total indirect effect has been negative and has
assungd a high value, As a result the total offect has been diminished
to a moderate value 4in spite of a very high 4irect effect, It has
registered moderate negotive indireat effect through tille? number
and tiller length. ©On the other hand, tiller number has exhibited a
negative and high indirect offect ylg leaf dbreadth., This indirect
effect has largely counterpuianced the pesitive indirect effects mainly
a moderate effect of tiller length and a lov but positive effect of
leaf length yia leaf breadth, This relation betwveen leaf breadth and
tiller numder is explicit in their high negative assoclation,

A high positive direct effoct on oil yield has been manifested
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by tiller number. Its low but negative total indirect effect has
resulted mainly due to a high negative effect of leaf breadth which
has surpassed a moderate positive effect of leaf length., The total
effeot, thus, has been reduced to only a moderate value, The total
indirect effect through tiller number has been moderate resulted

mainly from outweighing of the moderate negative effect of leaf dreadth
by moderate positive effect of leaf weight and low but positive effect
of leaf length., It has been involved in a very high positive assoclae
tion with leaf weight, Its association with leaf breadth has already
been delineated,

Althoﬁgh a minimum dbut positive direct effect has bveen realised
for leaf veight, a high total indirect effect has solely ylelded in
a very high positive association with oll yileld, A very high indirect
effect through leaf length substantiated by the moderate effect yig
tiller number has surpassed by far the negative high effeet through
tiller length, The indirect effects through leaf weight have assumed
only negligible values, |

Tiller length has been the only character to register a very
high negative direct contribution on oil yield, The indirect effects
of other characters yig this one are also negative, But its indirect
contribution has been very high through leaf length and moderate
through leaf breadth, These two indirect effects have contributed
for an strikingly high total indirect effect which has by far outweighed
the very high negative effect to pave the way for a very high positive

correlation with oil yleld., Its correlation with leaf Zength has
already been discussed,

From the erstwhile discussion, leaf length and leaf breadth
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emerge out as the most promising characters as selection eriteria,
Tiller number also deserves inclusion along with those, Leaf weight
may be considered for 1its high indirect effeee; wvhile tiller length
may not be taken into consideration., These findings, in faet, confirm
the earlier prediction on identification of selection criteria on the

basis of genetic parameters,

Component approcach in selectiocn is galning importanee day by
day. Grafius (1959) opined that yleld in barley is an artifact,
since genes for yleld pgr ge vere not found to exist, The same suthor
(1956) defined yleld in cats as a geometrical construct, Yigfi., a
paxallelopiped with the yield components as the edges,

It was worthwhile a suggestion by Niekell & Grafius (1969) to
partition the more complex quantitative traits like yleld into simpler
components to have some insight into genotypexenviromnment interactions,
Certain complex characters including yield may be the product of
actions and interactions of their components, Observations of the
components, according to them, will sometimes furnish a clue as to
vhy the complex trait falls to respond in an expected manner, They
also viewed that selection for yield while ignoring the components
may produce some unusual and undesirable results and the converse vas

also thoughtto be true,

Yield was desoribed to be the product of its component traits
in various eropsby {l:lcte (1747), Tobinson g&,é&, (1951), Johnson
ok al. (1965), Grafiue (1956, 1950), Dewey & Lu (1959), Nickell &
Grafius (1969) and several other workers, ‘ |



(é?rea cultivars of Java Citronella, Cymbopogon xinterianus
Jowitt, have been tested fo¥ their performance in the Gangetic

alluvium Farm land of BCKV.)

~
On the basis of 16 morphoeeconomic characters Java-II has been
found to give the best reaponsédy The varieties show significant
difference with respect to all characters except oil recovery from

stem, leaf number and stem length,

<é;t1mates of genetic parameters of 16 characters indicate
that leaf breadth can be considered to be relisble criterion for
clonal selection, Basal girth, leaf length and tiller number are the
next best characters in order of merit, followed by tiller length
and the welght varlables which can be taken into consideration
collceetively. Pathecoefficient analysis has revealed leaf length and
leaf breadth followved by tiller number to be the most promising
characters, Leaf ieight also deserves consldoration?)

igéva-ll has emerged as the best cultivar on the bhasis of
most of the morpho-economic traits,) Character analysis revealed
statistically significant varlation in oil yield variables, oil
recovery from herb and leaf, weight variables, tiller number, tiller
length, leaf breadth and basal girth, O0il recovery of stem, leaf
number and stem length have registered insignificant variation, On
- the basis of genetic parameters, YiZe, OCV, GA% of mean and HF, leaf
breadth has appeared to be most promising as a selection criterion,
Basal girth, leaf length and tiller number have sppeared to be
appreciably profitable in selection, Tiller length aﬁd the weight
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variables may also deserve consideration. @méiu on correlations
and pathecoefficient analysis with leaf weight, tillor number,
tiller length, leaf length and leaf breadth as independent variasdles
and oll yleld from leaf as dependent variable, @a indicated leaf
length, leaf breadth followed by tiller number to be important
characters in selection programme for higher oil yuld>



1,

2,
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Performance of Java=Il may be tested in *‘multie-locations? of
this state particularly including the problem sones, such as,
drought prone areas, saline tracts and acid soils of teral
belts, '

Application of "discriminant funetion" (Smith, 1936) in
gelection is necessary to find out relative wveightages to be
conferred on various selection criteria to achieve maximm

genetic gain,

Attenpts of combining the desirable characters of the
cultivars may be made in the agro=climates where this crop
flowers and gset viable seeds,

Java=11 may bde selected as base material for mutation dreeding
vorks vwith a view to creating variation and selecting desirable
genotypes, 1f any.
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X«1HFADIATED POPULATION OF JAVA CITHONELLA

(cxabopogon wioterianug Jowitt)



ALLEQDUCTION

As already been delineated, Java-II, the superior strain amongst
the four cultivars of Java Citronella, {. wibterianus, is exclusively
cultivated in different smones of India, Though this crop is highly
remuncrative, the demand for its produet has been met through extene
sion of area rather than effective augmentation of productivity, In
fact, the attempts to increase the quantity and quality of oil have
been meagre considering the needs (Chauhan gt ale, 1976; Choudhary
and Kaul, 1980a).

The present author observed low intravarietal variation for
most of the agronomic characters in this crop (Kole gt al., 1980),
Choudhary and Kaul (1980a)also reckoned the natural (within cultivar)
variability of almost all the agronomic characters worthwhile to be

considered in any breeding scheme in this crop to be very narrow,

Hence, improvement of this erop for oil yield desiderates
induction of variability by hybridization or nutation. The scope of
employing cross breeding 1s linited due to certain anomalles pertinent
to flowering and seed setting, particularly in the Gangetic alluvial
tracts of “est Bengal. Although free interspecific and intraspecifie
hybridization are reportedly prevalent in the genus Cygphopogon Spreng.
(Anon, 19503 Sor, 19533 Gupta, 1971) sporadic flowering had been reported
in this species (Anon, JaCs)e Havikumar and iiarayana (Personal Communi-
cation) and Favikumar g% gl. (1977) observed sporadic flowering in
Cuatemala but profuse flowering in Javae-l and Java-ll, Ravikumar gt al.
(lsS.) Tecovered very few viable seeds in Java-I, but Java-ll and
Guatemala d4i¢é not set any seed, Bor (1960) also reported the occurrence
of partial sterility., But Chandra (1973) observed Java~-ll to flower
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and to produce seeds, Observations at “est Bengal plains has raevealed
no flowering in Java-ll and Guatemala either, However, malformation
vas noted in the inflorescence shoots, which energed only very sporadie
cally, in Java-l1, Virmani gt al. (1879) reported profuse flowering of
Java citronella in South India and at higher altitudes in the hills of
North-Zastern India, but only sporadiec flowering in the plains of Horth
and North-Eastern India, They also reported failure to form viable
seeds because of melotic irregularities, All these lead but to the
conclusion that hybridisation will not be a feasible method for genetiec
manipulation in Java citronella.

Utllization of physical and chemlecal mutagens is a worthwhile
proposition in this erop. Vegetative propagation, a rule in cultiva~
tion of this crop, is conducive to efective mutation breeding. As
revealed from the avallable literature with the author, the use of
mutagens in improvement of vegetatively propagated crops is not insige
nificant, Only the list compiled by Sigurbjornson and iicke (1973)
of the varleties of vegetatively propagated plants developed by,utilising'
induced nmutations and the bibliography prepared by Nybom and Mlicke
(1973) on mutation bresding of vegetatively propagated plants and woody
perennials will prove the vorth of mutation breeding as a tool in inmproe

verent of vegetatively propagated plants,

Gupta (1973), Chauhan gt al. (1976), Atal (1978) and Choudhary
and Kaul (198Ca)suggested the use of physical and chemlical mutagens
to induce variability in this erop., Chauhan gi ale (Aag.) isolated
a fevw promising plants with increased tillierins, number and size of

leaves and thereby higher herp yield by use of alkylating mutagens,
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- ¥ize, DES, DHB and DMS0, A straln, "HKRLJCR=3«1970" was alsc developed
through EMS treatﬁent (Ganguly gt ale, 1679). |

So far as the physical mutagens are concerned, occurrence of
morphological mutantes in the gamma ray-exposed population was repors
ted by Chandra (1873), Vith Xeray treatment Choudhary and Kaul (1880a)
vere successful to induce variability in plant height and fresh herbage
yleld but the variability for thie latter character was negatively
skewed, Feduction in various guantitative characters in their oxperie
ment vas similar to that reported by Chandra and Gupta (1975) who Sad

used gamma raysSe

But effective use of ionizing radiations, yle., X-rays and
gamma rays, in other speclos of Lygbopogen Spreng. alming at induclng
| morphological stimulation, isolation of positive variants and rectie
fication of defects in o0il quality are quite encouraging (Kapoor and
Datta, 19673 Gupta, 1969aj Gupta and Kapoor, 18703 Choudhary gt al.,
19763 Xaul et al., 19783 Atal, 1979; Nalr, 1979, 1980; Choudhary and
Kaul, 1980a; Verma gt al., 1980).

Mutagenesis of large botanical materlal, which constitutes
the basic propagule in a vegetatively propagated crop, calls for a
different approach of selection, Dechizeriesation of the treated
propagules should be the first step to identify the extent of varia-
tion, The means of agronomic characters would naturally be reduced
due to induced deleterious effects on growth of most of the aiillary
buds, This dces not rule out the possiblliity of having a few of the
buds with positive effect,

Therefore, assay of characters of econonic importance from
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elones (VMg) raised from every axillary bud developing from a treated
propagule (VMy) into a plant is essential, (g;a present study 1s
designed to delineate the extent of genetic divergence induced in
sone of the agronomic characters by Xeray treatment as well as to
identify superior genotypes with reference to the three important
yleld contributing characters, ylz., leaf length, leafl bresadth and
tiller number and finally in terms of leaf welght. The yield and

composition of oll wvere assayed for some of the seleetedclunsg})



As indicated in the earlier section, improvement in Java citro=
nella was sought mainly through selection from elcones., The estimates
of intervarietal differences reveal the existence of appreciable dise
oeriminability for isolation of improved genotypes. In faet, within
the limit of the existing genetic resource the base of variaticn is
not wide encugh for developing breeding programme for improvement of
oil yield,

Reports on induction of variation through mutagenesis in C,
¥ipterlangus are meagre, Chandra (1973) cited the recovery of large
nunber of leaf mutation ranging from purec vhite tc striped green and
yellow, le obtailned a few plants with changed morphological features
and some plants with elongated stem. Theseo modifications werc obtained
by using gamma irradiation. Chandra and Gupta (1975) reported the

reduction of various quantitative characters due to gamua irradigtion,

Choudhary and Kaul (1980a)treated dormant vegetative slips with
5 kEy 7.5 kIl and 10 kPF Xerays (at the dbse rate of 770 F/min). They
observed a gradual decrease in survival percentage and tiller number
with increase in dose, Plant height and leaf length were also adversely
affected, though reduction in 7.5 ki treatmsnt was less compared to 5
kF treatment, Fresh herbage yleld was also reduced due to treatment,
vhereas oii percantare remained unaffected, They computed LDsp for |
dormant vegetative slips trezated with Xerays te bs 8,5 kR, They
further noted an increase in variability for plant Lelght due to treate
ment. Induced varlabiiity for fresh herbage yleld per plant at 7.5 kR

treatment was negatively skewed,

Chauhan gt al. (1976) isolated a few promising plants of Java
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citronella through treatment of slips with 0,54 solution of DiS, DMS
and DM30, The improvement was mainly due to higher herd yileld whiech
vas the nmanifestation of enhanced tillering, inereased leaf number and
bigger leaf size, 01l quality of the selected desirable plants digd
not, hovever, differ appreclably froz that of the control. Ganguly
at al. (1979) also isolated a strain, 'RiLJOR-3~1970!', through EMS
treatment of slips,

Though the fevw reports on the use of physical mutagenesis as a
tool for improvement of Java citronella clones are not so encouraging,
some results obtained with other sllied specles of Cymhoporen Spreng,
reveal the turn over of some desirable characters for nffective clonal
selection, Kapoor and Datta (1967) exposed dormant vejgetative slips
of Ceylon citronella, &. pardug to 2000«Curie-gamma-cell irradiation
for 1,2,5,10,17.5 and 25 hours. Characteristically encugh, the mean
mumber of tillers per plant increased with the increaso of duration of
treatment, Almost same was thce fate for the mcan length of third leaf
except at 25 hours., Mean helght of plant remained unaffected compared
to control at 2 and 5 hours duration of treatments. In all other treate
ments mean plant height was lower thau the control, In accordance with
thelr report the survivality per cent of axillary buds indicated as
germination percentage decreasec¢ gradually with the increase of durae
tion of treatuent. LDgo for survivality appeared between 1 and 2 hours

duration of treatments,

Choudhary gt al. (1976) found that 5§ and 10 ki X-ray treatments

(770 R/min) of strains Fil-l4 (L. kbaslagus), RiL-16 (C. pendulug) and
FRL=59 (C. LlOXuUOCENS) -Tovided good opportunity for selection,preferably

vith reference to improvement of one or more components of essential
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oil, 3Selection in the treated vegetative geueration, referred to as
M) generation of RRL-59 resulted in the ideatification of a mutant with
decreased methyle-eugencl coumponent, which is regarded to coantribute to
the improvement of the quality of the essential oil (Kaul gt al.,1878;
Atal, 19793 Choudhary and Kaul, 1980b). On the other hand, Gupta
(1976-'77) found that irradiation of ¢. pandulug vegetative slips with
6, 8 and 10 K rad of gamas rays had significantly cdecreased the mean
values for survival, plant helsht, leaf and tiller number per plant
‘ané leaf size in the treated vegotatlive generation compared to those
of the control, iHair (1980) roported imprcvement in grass yleld per
plant and augmentation in essential cil yleld to the extent of 0.42%
as against 0,23% in the standard type through gamma ray treatment of
caryopses of C. flexuogus ver, 0b=19 followed by seleetion in the

elonal progenies of plants ralsed from treated seeds,

Gupta (1969a) and Gupta and Kapoor (1970) used Co®® source for
acute irradiaticn of . partindl seeds (10-14% moisture) with %0, 30,
40 and 50 K rad doses of gamma rays. Germination and survivallty per
cent graduslly decreased with increase of doses, LDgg for geruination
vas estimated to be 35,5 K rad, Compared to control, growth at lowver
doses was vigorous in the trcateé generation., Tihe mean values for
plant height, length and breadta of flag leaf were higher than those
in the control in the kg generation also. Verma gt ale (1980) used
lov doses of gamma rays to dry seeds of C. martinil var. motia. The
doses used by them were 5, 7, 10 and 15 ki! gamma rays. They achieved

success in isolating 5§ variants with superior morphological characters,

The review of avallsble literature resveals reports not quite

in agreement with respect to induced modification of vegetative
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characters and essential oil yleld, In all cases with the vegetatie
vely propagated species records vere taken from the treated vegeta-
tive generation, The fact that irradiation of the vegetative slip
had involved a large plant part usually with more than one axillary
bud having least chance of uniform effeet of irradiation, was not
taken into serious coansideration, when the metrieal data, slip-wise
and treatment-wise, vwere averaged to compare with the performance of
the untreated control. In spite of that the trends of deviation in
mean values tovards positive or negative slde compared to control de
indicate that a proper evaiuation of the treated clones after dechie
merization in the VM; generation would lead to appropriate assay of
induced variation, The present investigation, therefore, has dbeen
found pertinent with respect to identification of improved genotypes
of Java citronella from a broader base of genetic divergence than

found in the natural resource,



The 'bibits'® werse collected from a'clump of a strain, KSeCWeSe«l,
developed by selection from Java~Il and tested against Java-I, Guate~
mala and 1ts parent under two years! primary perfornance trial at

Kalyani agro-elimate of Yest Bengal.

Brsparation of ‘binits’

Mature and more or less unifoerm vegetative =lips of on an average
15 cm length were collected from a one year and threa and a half monthg?
0ld clump. The slips were trimmed of their roots and were cleaned of |

o0ld and dry leaf sheaths,

lrradiaticn

5 groups, eaech consisting of 12 'bibits', were irradiated with
5 doses, 3 kI'y 6 kRy 9 kR, 12 kF and 15 kR of Xerays (100 KV, 11 mhA),
One set with 12 *bibits! was kept as control. Irradiation was done
after § hours of preparation of 'bibits?,

iransplanting.snd. culdtural orastlceg

Transplanting vas done after 3 hours of irradiation on 19th
June, 1981 in ancther subplot of the same experimental plot of the
esarlier experiment (Section - I). Planting and cultural methods were
same as the earlier experiment. lHarvesting vas done in the first
fortnight of February, 1982, at around 5 leaf stage of the contrel,
The climatic conditions for the growing period are presented in

Annexurs-11,

Recording of data on Vﬁl
Counts for survival were taken at 15, 21 and 30 days after

transplanting. Final survival was recorded during harvest,
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(within /0 & 8B), positive variant (exceeding /4 + SE) and negative
variant (below /3 = SE) for each character on the basis of mean and
standard error of the respective control. The positive variants for
leaf length, leaf breadth and tiller number were isolated as ‘promising
clumps', Positive variants for one or two of these three characters
and all other variants vwere kept beyond the perviev of the present
investigation, iegative variants for all the five characters were

marked as ‘'subvitals', These werc kept for further studies,

Data on leaf weight were taken on the promising elumps., The
positive variants for leaf welght amongst the promising clumps were
1zolated as 'selected clumps', C1l recovery from leaf was determined
on some of the selected clumps taken randomly, OLil composition was
evaluated by CGaseliquid chromatography (GLC) for some randomly taken
selected clumps of three familles, one from each of 3, 6 and 9 kR
treatments., Gas-liguid chromatography (GLC) of 0il wvas carried out
on a PYE SERIZS 104 CHEOMATCGHAPH (PYE UNICAHX) using 5830 (10%)
fitted with stainless steel column, 2 m long and 2 mm diameter and
fitted with a FID detector, Hitrogen was used as the carrier gas
with a flow rate of 20 ml/min, Column temperature had been 100-200°C
with an iscthermal temperature at 1009C for 9 min, thersafter, proe
grammed at 109C/min increment rate upto 200°C. Injeetion port and
detection temperatures were 200°C and 250°C respectively. Chart
speed vas 320 mm/hr, The peaks were identified by comparison of their
relative retention times anéd also by peak enrichment technique,

Statlskical,
Range (£), mean (m), standard error (SE) and ecefficient of
variation (CV) vwere cstimated as usual,



OBSEEVATIONS ON Vgl GENERATION

survivallty of irradlated ‘bibita'

Table Ho., 4 shows the survivality of treated 'bibits' in terms
of emergonce of aerial shoots from axillary budse It 1a evident from
the table that LD1gp has appeared at 12 kPR, while LDgy for survivality
has been recorded at 3 kI considering the records of gurvival at harvest,
The comparatively high percentage of survivallty at 9 kR yls~a-vig at
6 ki 4s not expiainable,

TABLs 10, 4
SURVIVALITY C& IKFADIATZD 'BIBITS®

I DA TECOTDED AT -
DOSE IN kR ngﬁﬁgiggg Dk% <} Dﬁ% i Dﬁg i TR
i A i L i 1 COHTROL
° 12 u n 10 10 1 100
3 12 6 6 8 5 5 80
6 12 7 5 1 1 1 10
) 12 7 7 5 5 5 50
12 i2 3 3 1l 0 0 0
15 12 6 6 0 0 0 0

Decrease of survival of irradiated sliips due to increase of dose
of ionizing radiations was reported by Choudhary and Kaul (1980a)4n
¢. yioterianug (X-ray), Kapoor and Datta (1967) in C. pnardus (génma
ray), Gupta (1976~'77) in C. pendulus (gamma ray) and by Choudhary
ot ale. (1976) 1in C. khasianus, C. Rendulug and C. flexuomus (X-ray).



41

Choudhary and Kaul (1980a) recorded LDgp for survival to be
845 kE Xerays for C. yinterianug. They observed a gradual decrease
in survivality with the increase of Xeray dosss, The 50% survival
at 9 ki in the present experiment may be regarded as to corroborate
Choudhary and Kaul's (1980a) observations. It appears that the drastie
reduction of survivality, particularly due to 6 ki treatment may be

for causes other than treatment alone.

Records on V¥ (Table io, 5) indicate that irradiation has
adversely affected leaf length, tlller length and leaf breadth at all
the doses, Out of tlhese three characters leaf length exhibits appree
clable deoreasse 1a mean values at uzll three doses and tiller length
shows guch decrease at 3 kil and & kX, Tiller number has veen highly
affected at 3 ki but it exhiblts a slight increase at 9 kP and a
spectacular increase due to 6 kii dose of irradiation, Irradiation has
exhibited a positive effect on leaf number which shows a high increase
at 6 ki and almost no change at 3 and 9 kR, In general, adverse
offects are most at 3 kR followed by ¢ ki and 6 ki in that order,
These reveal that the consequcnces of irradiation, eitiner inerease or
decrease of mean values c¢f the cihiaracters, d¢ not have any dlrect

relation with the increase in dose,

Chandra and Gupta (1975) reported the reduction in various
quantitative characters due to gamma irradiation of the gams speciles,
Choudhary and Kaul (1980a) observed adverse effects of Xerays on plant
height, leaf length, leaf width, tiller number and fresh herbage yield,
They also found the mean values for plant helght, leaf length and
fresh herbage yleld to be more in 7.5 ki than § ki, The mean valiues,
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bovwever, decreased again at 10 kI dose, 5o, the decrease in mean
values had no direct relation with the increase in dose for these
three characters.

Chandra (1973) isolated some mutants with elongated stem by
using gamma irradiation in ¢. winterianuse. Present author is not
avare of any information, excopt that in the erstwhile report, of
morphological stimulation of agronomic character due to irradiation
in this species. But in the closely related speocles, C. pardus.
Kapoor and Datta (1967) obtained increased mean number of tillers and
mean length of thiré leal duec to irradiation of vegetative slips with
gamnia rays. The increase in thiese tvo chiaracters was not exactly

corresponding io the increase of exposure,

Gupta (1976-177) reported significant decrease of morphological
charscters with the increase of exposure to gamma irradiation of slips
of . panduluge Choudhary gt ale. (18%6) also reported the reduction
of plant height with the increase of dose of X-rays to vegetative slips

of L. khaalanui, &. asndulus and g. LLOXUQSUR.

The results also indicate the inerease of variation, in terms of
coefficient of varlation,due to irradiation at 3 kR and 9 kR Joses 1in
€ll the characters uxocept leaf mumber at 3 ki, However, increase of
coefficlent of variation for leaf breadth at 3 ki and for leaf number
at 9 ¥R 18 low, The variation for 6 ki treatment, hovever, could not

be computed because of recovery of only one clump after irradiation,

The estimates for range also indicate increase in all cases

exeept leaf breadth at 3 kK and leaf number at both 3 and 9 kR,

Except in these three cases, irradiation has generally induced

variation,
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The inorease of variation in the characters, particularly leaf
length, leaf breadth and tiller number, indicates the chance of isoe
lating some desirable clumps in the dechimerized population at AL
generation, Induetion of variability with respect to plant height
and fresh herbage yleld per ;lont due to Xeray treatment of vegetae
tive slips of G, yinteriagus was reported by Choudnary and Kaul (1980a)
also,

OBSEFVATION ON Vgg GENEDRATICH

From Table lio, 64 it 1s of interest to ncte that one family
from 3 ki dose, the only family from 6 k¥ dose and two families from
9 ki treatment have exceeded the control with regard tc the number of
‘bibitstescaping the minimal cultivation followed at the nursery for
screening of hardy genotypes. The survivality of the family of 6 kR
18 indeed sgpectacular, Thosc of ithe two families of 9 kR are appreéisbde
1y high, However, the dosce~wlise averages of survival records for 3 kR
and 9 kR are below the control, Similar results have been obtalned
during final planting and also during harvest barring the family of
3 kR dose which 1s below the control,

Considering final planting the survival at harvest 1s equally
high in the control and the VMo families except one from 3 kR which
shows only 55.56% survivality compared to 95.45% of the control. Two
families of 3 kR, the only family of 6 kR and three families of 9 kR

dose have exceeded the survival percentage of the control.

Obaervations on egromomic characters

The estimates of range, coefficient of variation, standard

error and mean of 1l VMp families and the respective sontrols are
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shovn in Annexure - III. The deviations of range, coefficient of
variation and mean of the VMg families are presented in Table Ko, 7,

The doseewise averages on deviations of mean indicate very
ilttle change whether in positive or in negative direction., For 3 kR,
all the five characters studied have registered negative shift, For
6 kR, leaf length, leaf breadth and tiller length show positive deviae
tion, vnereas tiller nuuber and leaf number exhibit negative szhift,

It should be mentioned here that the trend of deviation has been just
opposite in the VM of 6 kR treatment. In case of 9 kR, positive
shift has been found for leaf length, tiller number and tiller length
while leaf breadth and leaf number have shifted negatively,

So far as the individual familios of 3 kR (§,3. P} to Pg) are
concerned, shift is regative in most of the cases, Pj exhibits
negative shift for all the characters except leaf number, However,
deviation for all characters is low, A negative shift has been realie
sed for all the characters in Pg and Pg. But deviation for tiller
pumber in Pg and leaf length, tiller nugber and tiller length in P3
is high, P4 manifests high positive shift for tiller number, high
negative shift for leaf length and leaf dreadth and lov negative doviae
tion for leaf number and tiller length. In Pg tiller number and leaf
number show negative shift and unique to this family leaf length, leaf
bresdth and tiller length 2xhibit positive shift, A positive shift
of leaf length and leaf breadth explicitly proves this family te be
promising. The estimates for leaf length, tiller length and tiller

number are high,

In the progenies of 9 kil dose, in Pj, low positive shift has

been observed for tiller number and leaf number while deviation has
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been lov and negative for the rest of the characters, In Pp, all
eharacters except leaf number exhibit positive shift. Moreover, leaf
length and tiller length show high magnitude, In Pgy slight negative
shift is found for all characters except tiller number which shows
high pesitive deviation, Leaf length, leazf dreadth and leaf number in
P4 exhibit lov negative change, tiller leongth shows low positive shift
vhereas tiller number has exhibited hish positive deviation, In eontrast
to other familles, Pg exhibits high negative shift for tiller number,

Deviation for other characters is low. However, leaf number and leaf
breadth have shifted negatively,

It is encouraging enough that in some cases, particularly for
deaf length, leaf bresdth and tiller number positive shift of populae
tion mean has been reallsed, It indicates bright changes of recovery
of some positive variants for individual characters and also promise
for isolating some benaficlal variants with high yleld vhen selected
on the basis of leaf length, leaf breadth and tiller number. It,
howsver, in any case does not anmul the possibility and scope of
selecting advantageous variants from the upper boundary of the wide
range of variation exceeding the control realised in those families
shoving negative shift,

The dose-wise averages of deviation of range and coefficient of
variation reveal successful induction of variation due to irradiation,
In general, the extent is more in 6 ki dose folloved by 9 kR, The
3 kR dose exhibits comparatively low induced variation,

The dose-wise averages of range reveal increase universally.

So far as the range for individual families are concerned, increase
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over control is evident in all cases except leaf breadth in Py,

tiller number and tiller length in Pp and leaf breadth, tiller number
and tiller length 4in P4 from 3 ki dose,

On the basis of dose-wise coefficient of variation increase of
variation, in general, is evident. Tho extent is also high in all
cases except tiller number in 3 kR, leaf breadth in 6 kR and leaf
number in S ki dose,

So far the individual familles from 3 kR dose are concerned,
increase of variation is nigh for leaf length, tiller number and
tiller length in Py, leaf length and leaf number in Pg, all characters
except leaf number in Py and leaf breadth, leaf number and tiller |
length in Pg. In Py, increase is high for leaf length and leaf number;
leaf breadth, tiller number ond tiller length exhibit slight decrease
of variation., In all the remaining cases, slight inerease has been
found,

In regard to the familios from © kR dose, high increase is
observed for leaf breadth and tiller number in Py, slight increase
is shown by tiller length and slight decrease 1s exhibited by leaf
length and leaf number, In Pp, leoafl breadth shows slight increase,
) leaf number shows slight decrease and the other three characters
exhibit high increase of variation., In Pg, high increase is manifese
ted by all characters except leaf number which shows slight decrease,
In Pgqy tiller number shows slight decrease, leaf number shows slight
increase and other three characters exhibit high increase, Pg shovs
high increase in all characters except leaf number which exhibits

slight increase,



FIG, 1 - INDUCED MORPHOLOGICAL VARIATION AND
A SELECTED CLUMP (INDICATED BY A SCALE)
IN A VMo FAMILY (A PORTION)
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The data also reveal that the range exhidits high inerease in
all those cases where coefficient of variation has shown high increase
barring that for leaf length in P; and P4 from 3 ki dose, The induced

morphological variations in the VMg families are alsc visually detec~
table (Figs, 1 and 2),

The high exteat of induced variation, thus realised, may pave
the way for both directed as well as disruptive selection.

isolation of qlumps

Considering the shift of value away from the mean of the respece
tive control in the 11 VMp families, the clumps can be conveniently
discriminated on the basis of individual and collective performance of
the five agronomic characters, Table Ho, 8 shows the frequency of
clumps with shifting value for each of the characters. As mentioned
earlier, the difference in number of clumps in the different familles
is due to the avallability of surwiving 'mhibits'!, Survivality of
'bibits' derived from 6 ki has beem highest facilitating the turn over
of 169 clumps in a single fanlly.

The clumps showing predominant negative shift of values for
five agronomic characters are dosignated as subvitals, These clumps
are visually distinguishable from the control clumps (Figs. 3 and 4),
Peculiarly enough, the percentage of subvital clumps is lowest in
9 kR and highest in 3 kfi, vhile the percentage of promising clumps
is highest in 6 and 9 kR,

The possibility of recovery of around 1l4% of promising elumps
appears to be quite high, notwithstanding the fact that selection
pressure was applied simultaneously for leaf length, leaf breadth



FIGS, 3 & 4 - SUBVITAL CLUMPS
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and tiller number, It will not be out of place to mention hers that
the realisation of s0 many promising clumps has been poesible through
dechimerization in VMg generation. Thc clumps isolated in a t#mily
which has a little or nc dechinmeric eflect might shov only subtle

difference anohgat thenselves,

Leaf weight has high positive eorrelation with oil yield from
leaf due to its high indirect sffect, Positive shift of leaf woight
compared to mean of respective control has besn observed in all the
promising elumps of 3 kR and € k¥ treatuents as well as in the Pg, P4
and Pg families of 9 KR treatment. The ons promising clump in Py of
9 kR has not shown shift towards positive or negative direction,
while éne clump each out of the promising clumps in Pg of the sane
treatment has shown no deviation and shift towards negative direction,
The clumps with normal or negative value are rejected, The highest
per cent of clumps selected finally on the basis of leaf welight is
from Py family of ® ki, followed by Pg of 3 kR, Pj of 6 kR and Pg,

P4 and Pg of 9 kR &n that deoreasing crder,

Table Ko, 9 shows that the shift of mean values of the familles
vith selected clumps 4in positive directiocn is appreciable for ainost
all the characters, The mean value for leaf number has shifted nega-
tively but the shift is not high from the control except in cané of
Pg frqm % kR vhere the value has not changed at all. The gain in
leaf weight over the respective control has also been impressive,

In spite of improved agronomic characters in the selections from 3 kR
and 6 xR treatments, the oil recovery from leaf was lower than the
respective controls, As such these two selsections of 7,55¢ and
14,204 elumps from 3 kR and 6 kR treatments respectively will not

find immediate use as superior clones, However, the impressive
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increase in leaf weight might compensate oil yield per elump, Further
information on the performance of these selections, particularly for
the oll yleld per hectare would identify their superiority,

TABLE NO, B

CHAHGESOr MEAN VALUZS OF SELECTLD CLUMPS
(IN £ OF RESPECTIVE COHTROLS)

T A — NSRS

PELECTED CHALACTE P

CLUMPS AN RAL Lkl 'J" §011, RECOVER)
FROM ENGTH BREADTHE SUMB LT RUMBER FHOM LEA

3 kR Py +15,0189 +10,0977 +16,0221 =7.5862 +15,8710 +75.8268 - 4.6612(4)
6 kR Py +22,3767 +11.2606 +33,5010 «0,0632 +23.9558 +88,34566 «21,6000(12)
© kR Py 424.5079 +13,6573 +26,8136 +4,1377 +20,2819 +80.0678 + 2,8200(12)
9 kR Py  +15,5623 15,4867 04,9904 +1,4085 +12,3495 +71.8776 + 9,1767(2)
9 KR Pg + 3.9033 + 5,0071 +13,6232 =0.4606 + 5,1969 +62,6085 +16,0000(1)
® kR Py +15,2075 + 849561 +16,8420 0 +12,8802 +65,9818 0 (3

- -

Figures in parenthesis are number of clumps tested for 011
recovery from leaf,

The clumps of the famllies Pg, Pg and Pg of 9 kP have shown
increase in oll reeovery from leaf over 2¢ to 16%. Though oil recovery
has remained unchanged compared to control, the increase in leaf weight
in the clumps of the family Pg of 9 kR treatment positively indicates
an improvement, Further improvement for oil recovery through seleation
of clumps from the upper boundary is possible,

It 1s apparent that estimated olil yield in the selected clumps
of the VMg famillies will be comparatively higher than the respective
controls, It may be recalled here that there are reports dellncating
improvement of this species through chemical mutagenesis, The faots
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smanating from such reports indicate stimulating effect of chemical
matagens, But the reports on the effect of ionizing radlation in this
species have not iandicated any improvement of agro-sconcomic characters
observed in VM; generation., Considering the faot that Java citronella
18 a vegetatively propagated plant, the treated generation actually
constitutes a heterogeneous population which includes ths spectrum of
somatic mutations produced in the vegetative buds of the "™ibits?,
The partitioning of this hetercgenelty in the Vip generation has
actually helped in the identification and isolation of both promising
and deleterious somatic mutations,
041 _composition of aelagted clumps

It 4s clear from the previous discussion that clumps of the
following families of different Xeray treatments are agronomicalli
superior for higher oil yleld, The families sre - (a) Pg of 3 kR
treatment, which includes 4 clumps, (b) Pl of 6 kR treatment, which
includes 24 clumps, (¢) Py, Py, Py and Pg of 9 ki treatment including
19, 2, 1 and 3 clumps respectively (Table Ko, 8),

GLC analysis of oil (Table illo. 10) shows the three important

conponents of oll expreszsed in percentage. The average composition

of citronellal has been slightly lower than the control in the two
clumps of Pg of 3 kR, Geraniol has also the same fate, while ecitro=
nellol has shown a 26% gain over the control, The average performance
of 9 clumps belonging to Pg of $ ki also reveals the same trend, The

6 clumps of Py of 6 kR appears to be couparatively more prcmising for
about 6% and 27% gain in citronellal anc citronellol content respectie
vely though there has been a slight depression in geraniocl content,

considering the oil composition with respect to the three

components in individual clumps, clumpe6 of 6 kR may be regarded to



TABLE Ko.10

CHAMGES OF OIL COMPOSITION IN THE SELECTED CILUMPS
(IN PERCENPAGE3)
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CITRONELLAL

l CITRONELLOL

l GERANIOL

0 kR (CONTROL)
' 2.

FAMILY AVERAGE

W Eh N WR AR D A R W B G SR W e e e

0 kR (CONTROL)
6 kR ?‘ 1.

2.

e

4,

5.

6.

FAMILY AVERAGE

MR N R W AN AR G G B W S W W W S e

0 kR (CONTROL)
9 kR P, 1.
2.
Je
4.
5e
6.
T.
8.
9.

FAMILY AVERAGE

27.32
260'6 (- 4025)
25075 {" 5-75)

25,96 (- 4.98)

26,81

29,83 (441.26)
31.30 (4-16075)
31.51 (+17.53)
28.49 ('0' 6:27)

29,21 (+ 8.95)

19037 (‘25.89)
28,37 (4' 5082)

24,56

24.99 (+ ‘075)
24,.5% (= 0.20)
24,35 (= 0.86)
25.69 (+ 4.60)
23,98 (= 2,36)
26,70 (+ 8.T1)
17.87 (=27.24)
18,19 (=25,94)
30,06 (+22,39)

24,04 (= 2,12)

T.52
9.61 (+27.79)
9.41 (425.13)

9.51 (+26,46)

A R W S AR N N W W

8,83
10.23 (+15.86)
12,11 (+37.15)
11.69( +32,39)
9.83 (+11,3%)
12.15 (+37.60)
11.44 (+29,.56)

11.24 (+27.29)

AR W MR BN R W A W A R W

8.64

8.72 (-i- °a93)
10.89 (+26.04)
9.44 (+ 9.26)
10.10 (4’60”)
8.78 (+ 1.62)
10,67 (+23.50)
15.92 (484,26)
9.88 (444:35)
12,37 (+43.17)

10.75 (+24.42)

30.87
27.31 (=11.53)
32,05 (-0- 3032)

29,68 (= 3.85)

27.42

30.41 (4“0:90)
28,32 (+ 3.28)
26:5“ ("’ 3021)
30.83 (+12.44)
29,63 (+ 8,06)
14,81 (=45.99)

26,76 (= 2.41)

31.T3

27,29 («13.99)
31.85 (*0' GCM)
28,30 («10.81)
29,65 (« 6,56)
29.T1 (=~ 6.37)
27,62 (=12.95)
46.64 (+46.,99)
22,97 (=27.61)
33.12 (4‘ 4158)

30.T9 ("‘ 2696)

FPigures in parenthesis indicate the deviations
from the respective controls, expressed in
percentage,

- e WY as e s A e
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be a citronellol mutant with over 298 gain while the citronellal

and geraniol content have beun reduced to about 26% and 467 respecti-
vely of the control. In caso of clump- 7 of 9 kR the total aleohol
content (citronellol + geraniocl) has increased spectacularly, while
the aldehyde eontent has been reducet to 27% of the control.

The extent of deviations in the aldehyde and alcoholic components
of oil clearly indicate that X-ray induced mutation has influenced the
blosynthetic pathways of the different components though ecitronellal
and geraniol show both increase and decrease from the control, The
induced increass of citronellol under the circumstances probably
indicates a possible relationship in the synthesis of the two alecohols,
Clump«7 of 9 kKR showing increase in content in both the alecchols with
concomitant decrease in the aldehyde content might, in the similar vay,
indicate a competition in the blosynthetlic pathways of the alcolhols
and the aldehyde., However, the trends of change in composition in other
clumps may reveal that the reiacionship in bilosynthesis of the three
components may be more complex, Further work 1s necessary to evaluate
the biochemical background of oil composition vith a view to facilie
tating breeding to evolve quality genotypes. Maximun increase has
been observed in case of citronellol. The percentages of deviations
from the respective controls are always positive and ranging between
0.,93% to as high as 84,26%. In case of citronellal and geraniol the
deviations in content have been both positive and negative. Clumpe?7
of 9 kR has the highest citronellol and geraniol content and the
lowest citronellal content. Clump~9 of the same treatment shovs
inorease in content of citronellal, citronellol and geraniol. %Though
the per cent gailk of geraniol in this clump is not as high as the
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per cent gain obtained in Clumpe4, 1 and 5 of 6 kR treatment, the
concomitant gain in eitronellal and citronelleol content in the
latter clumps are not as high as that in the former clump. As a
matter of fact, these four clumps are superior in terns of oil
Quality with a new pattern for the three components because of the
increase in citronellol content. In contrast, Clump~6 of 6 kR,
Clump«3 and 8 of 9 kR show loss in citronellal and geraniol content
and gain in citronellol content only. Though the compesition of oil
in these clumps 1s not desirable, thelr superior sgronomie qualities
do not rule cut the scope of utiliging these clumzs for future
breeding work,



SUMMAZ_AUD CONCLUSION

<:?1b1ts' of Cymboporen wiuterianusa Jovitt Cv, Java-1l have been
X-rayed at 3, 6, 9, 12 and 15 kile LDygp and LDgg have appeared in

12 kR and 3 kR treatments respectivoly. The effect of irradiation

is manifested by increased variation of leaf length, leaf breadth,
tiller number, leaf number and tiller length, Their mean valuesin

VM3 generation mostly exhibit negative shift from those of the eontrol{Z)
Initial sereening of clumps for hardiness has been done in the VMg
families, The net outcome is five families each from 3 and 9 kR
treatnents, which have shown 30 survivaelity and the one family from

6 kR treatment which has led to only 10% survivality at VM; generation,

-

\\gaan values for the five sgronomic characters exhibit positive
or negative shift away from the control and the range and coefficlient
of variation has increased, in general in the VMo generation.) The
celunps of the VHp famlilies have Leen categorized intc normal types as
well as positive or negative variants from comparison with the respece
tive controls for individual characters, On the basis of simultanecus
consideration of higher mean values for leaf length, leaf breadth and
tiller number for isolating promising clumps in the VMg generation,
the percentages of success have been over 7% in 3 kR and 14% in 6 and
9 kR Xeray treatments, The elite clugps are finally isclated from
the primary selegtion on the basis of leaf weight, Only three promising
clumps have been rejected from P kR treatment for the leaf weight being
comparable or less than the controls. The isolates from sach Vg family
indicate consistent increase over the respective controls for leaf
length, leaf breadth, tiller number, tiller length and leafl weight,
There is possibility of further selection from the VMo, generation on

the basis of one or two of the three characters, ylg., leaf length?
leaf breadth and tiller number, The selected clumps do exhibit either



increase or decrease of oll recovery per cent from the leaf, and

mostly a negative shift for leai number.
[ | ,
A{-ray treatment has modifiocd the oil composition of some of the

solected clumps, Increase of citronellol and citronellal in comparie
son to the respective control is spectacular as evidenced by an
increase of only 0.,93% to as high as 84.,26% over the control for
citronellol and inecrease of 1,75% to as high as 23,394 over the control
for citronallal;j>coraniol content also has exhibited an increase of
0.38% to 46.99%¢;s compared to control, Xeirradiation has led to
smelioration of oil quality in terms of ome, two or all the three

components,

Systematic soreening of the effect of irradiation on the axillary
buds of 'bibits' has facilitated the recognition of the expanded variae
tion. The upper and lover boundary of the metric values of leaf length,
leaf breadth and tiller number have transgressed in relation to that of
control., Estimates of variation support this diversity. The final
consideration of leaf weight for the sereening of clumps has exposed
the possibility of further isolation for improvement of oil yleld,
Hotwithstanding the decrease in oil recovery per eent, écleetion on
the basis of leaf weight subsequent to the three basic criteria, yige,
leaf longth, leaf breadth and tiller number, has facilitated the iden~
tification of elite clumps. The expanded range of variatiocn has helped
in the realization of such clunps,

Finally, the GLC analysis'of oll composition has also revealed
recognizavle modifications. iost of tue selected ellte clumps show
high ecitronellol content, Some 1ike the clﬁmp-s of 6 ki treatment
has enriched citronellol content, { The selected clumps can be sultably



classified for enrichment in their alecholic components in the oil
and may be earmarked for diverse utilization in the industrices,) The
increase in aldehyde conteat of oil in clumpe3 of 6 kE treatuent is
also not insignificant, Inerease of geranicl content and eitronellol
content by 46,994 and 84,267 respectively over the control 1 clumpe7
of ® ki 18 quite appreciable, Clumpel, 4, 5 of 6 ki (P1) and clumpe®
of k% (Pp) have exhibited appreciable inerease of all the three
components, Citronellal and geranlol rich citroneclla oll is favoured
by the industry as a starting material. Induced somatie mutation has
helped in the diversification of types on the basis of oil quality.



Irradiation ofA'blbits’ has produced wide range of variation,
particularly in the three agronomlc character yiz., leafl length, leaf
breadth and tiller number, which are found to be directly involved in
the control of oil yield, Selection on the basis of these three
characters along with leaf welght has ylelded a number of promising
elumps showing improvement in oil ylelding ability and oil quaiity.
The spectrum of somatic modifications induced indicatez adequate scope
of further selection of clumps on the basis of individual oriterion,
Systenatic selection from the upper boundary of modifications may give
rise to specific agronomic types suitsble for diverse agroe-ecologiocal
situations, Further work is, therefore, necescary to evaluate ths
efficiency of specific agroe-types superior for any one or two of the

basic selection characters,

Secondly, such diverse agro-types may be used as donors for
breeding by conventional hybridisation technique to be carried out in
agro-climates where Java citronclla is reported to flower and to set
viable seeds regularly. The induced variations coupled with the
residual heterosygosity of the genotype would provide a wide base of

variation for selection,

Thirdly, the clumps have been screened for hardiness., Further
work is necessary to evaluate the level of tolerance of the selected
elumps under minimal cultivation. Testing of the clumps in the dry
laterite zone and isolation, if possible, of a well-adopted clone for
that rone would go a long way to establish this crop in the current
fallov and marginal land,

Last, but not the least is the important spectrum of variation
in oil composition shown by the gelected clumps. This provides a new
horizon for mutagenesis of Java citronella with a view to evolving
quality genotypes.
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ANHEXUFE « I (v

50IL CRARACTERISTICS OF THE
EXPERIMEBHTAL PLOT

5011 texture Sandy loan

Sand 2%

silt 194

Clay 194

Hutritional status of soil

Organic carbon : 0.65%
Total nitrogen 0,06%
Available P 20 kg/ha
Avallable K 90 kg/ha

Soil rsaction . pH 7.2 (neutral)

CLIMATIC FACTOTS BUKING THE GROWING
PERIOD FOR EXPERIMERT - I

1 AVERAGE TEMPERA ToTAL | AVERAGE RELATIVE
MONTHS —=TURE €OC) ¥ warnFaiL § ,
(1980) s MAXIMUM HMININOM g (Cm) i MAXIMUM MINIHOM
March M4 19,69 2.4 8l.39 48,48
April 40,08 25.87 1,27 ' 70,18 41,78
May 37.45 26,68 14.46 T9.70 51,38
June 34.25 26,25 24.16 87.43 7297
July 33487 26,43 21,36 88,11 7877
August 3375 26,39 38,33 ag,.82 71,87
September 34,00 26,95 0030 04,65 69,66

Cotober 33.44 23,08 5423 84.40 62,20




(vi)

ANHEXUNE » II

CLIMATIC FPACTORS DURINWG THE GROYING
PERIOD FOR EXPERIMENT ~ IIX

June, 1981 3735 27.33 2.18 86.87 68.68
July, * 33,68 25,13 21,91 88,03 69,87
August, " 31,00 25,92 12,69 88,74 69,71
September,” 440 24438 10,66 88.90 66,43
October, " 31.74 23,08 0 89.29 83.71
November, " 32,88 15466 0 ‘87.83 54.13
December, " 26,19 1,31 8459 79.61 62477
January, 1982 28,56 11,79 0 88416 §3.20
February, " 30,08 11,42  16.82 86,18 81,32
March, . 34,76 20,88 3.22 89,18 54.68
April, " 36,43 23.53 6.19 86.83 41,7
May, " 39.54 25,70 2.74  T77.41 44,75
June, LI 37,93 25486 9,60 82429 57.74
July, " 31,17 27.41 10,28 88,35 69493

August, " 32,40 26418 14.84 20,14 1M
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ST IC PROCE >
N 3 C
Source Gefs Sebe M,.S. F
Replications 4 Srqyy Mryq
Cultivars 2 Svyy Mviy Mv] !
Error 8 Seqy Mejy Mejy
Total ' 14 St11
2 Hell

EXPECTQEégJE OF EE&I\ SQUARES AND

Source J Analysis of variance |} Analysis of Covariance
I'M.s. [T Expectation I y.c.p §  Lxpectation
i I of M.S. i 1 of M.C.P,
Replication Mrqy - Mrio -
, 2 2 2 2
Cultivar HVll v—ell+ r v_.gll lez v.elz + rvgla
n 2 2
Error Mejq veyy Mela veln
COMPOANE Ni F.

2 2 2 :
V 811° (Mvy;- Meyy)/r V Pz vgyy + vey,

2 . 2 2
7 g~ MVip - Meyo)/T V?lz = Vet Ve

2

e

v e5;" Environmental variance 312 = Environmental covariance

2 2
V- &,,= Genotypic variance Vg, T Genotypic covariance



2
V’?ll = ghenatypic variance Ve

1p = Phenotyple covariance

2
H% (Lieritability in broad sense percentage = --g-:‘ X 100
Ve

2
GCV (Genotyple coefficient of variation) = Vgu X 100
JT.l = Mean of variable |
GA (Genetic advance) = 4 X HE X VP

1 = Standarised selection sifferential, 2,06 for selection
of 5% population

GA% of Mean = (GA/X;) X 100

VP, / \[ 2 2
rp (Phenotyvic correlation) = VP, X VPyy

V89 \/ 2
r, (Genotypic correlation ) = / Ve X VEag

2
re (invironmental correiation)s 18/\/7011 X Vi 922

T1g = Pre* T12 Pog * Tia Pag*Tie Fas*t Tis Tse

Tgg = Tio Plﬁ -+ 928 + Tpg ?35 +r24 Fiﬁ + Trog PSG

rag = 13 Pig + Taz Poe ¢ Pag+Tyq Pgg * T35 Psgs

!‘w | 1'14 Plﬁ + l‘z& P26 + 1'34 Paﬁ’ Pﬁ + r45 P56

Tgg * T PLG + Trog Pog rag Pw +T45 P(G + PEG
revalues are Phenotyylc correlation values for each palr of

variables, Pevalues are direct path values of tne 5 independent

variables on tine dependent variable,

PR (residual effect) = / E- (Pyg T16) = (Ppg Tag) = (P3g ag) |
- (Pgg Tg8) ~ (Pgg Tgg)
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RESULTS OF 515 CF ACE FOR
INTERVARIE iIATION

CEAEACTER

I MEAK SUM OF SQUARES

0il yield from herd
04l yield from leaf
041 yleld from stem
011 recovery from herd
01l recovery from leaf
041 recovery from stenm
Herb weight

Leaf welght

Stem weight

Tikler number

Leaf number

Tiller length

Leaf length

Leaf breadth

Stem length

6.6204
5.,2301
0.1392
0.0008
040042
040008
260923,7
" 01876.96
67907.96
1233,640
0,0687
72,2658
6.65663
040175
.3896

{eiications] Cultivars | Error

49.4668
31,1176
2,8075
0.0241
0,0733
0,0014
799675.0
1974878
37927947
4972872
0.6184
996.7499
725,216
1.1618
0.5762

4,6706
2.9204
0.2088
0,0019
0.0087
0.0005

134727.9

28243,97

44953,97
529,1062
0.1537
21,0647
24,8126
0.0037
2,2402
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