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Cltronella oil, the essential oil of paramount commercial 
importance, is obtained from two taxonomically and chemotaxonomieally • 
proximal but morphologically and physiologically distinguishable
species. One is Siabffiaagga aa£&& Lendls, itaa&atU (4fi&&2fi£SA MtiUM, 
oevlon de Jong), the so-called "lenabatu", "new grass'* or "Ceylon 
cltronella", which contributes the bulk of "Ceylon oil" and propor­
tionately a very small quantity of "Java oil". The other is
ilntfliiaam Jowitt,aa&a&sasl£l tmxsmm m£m Asm ** Jong), the 
so-called "n>ah«nangii»l"T "Old grass", "inter *s grass" or "Java 
cltronella", which produces the bulk of "Java oil” and proportionately 
a very small amount of "Ceylon oil" (Guenther, 1950). Java cltronella 
is superior to Ceylon cltronella in terms of oil yield as well as oil 
quality, particularly for higher content of the commercially important 
principles, &*&*, geranlol, cltronella! and citronellol (Guenther,
1960f Anon, I960} Bor, I960} Vimani $£ al.T 1967b;Virmanl and Datta, 
1971} Virmanl al«T 1979 and other workers).

Both the species of cltronella belong to genus Cvmbepogon 
Sprang.of tribe Andropoeoneae under group Panicoideae of family 
Gramineae (Bor, I960). According to Guenther (I960) all the cultiva­
ted types of cltronella are descendants of £. eonfertiflonis Stapf, 
the so-called "mana" grass, which occurs wild in Ceylon. Bor (1960) 
also considered £. aMflaa yar* confertiflorua (Steud.) Stapf to be 
the parent of both £. ftaTflaa and £. vlnterianus.

"Hahapengiri" was introduced from Ceylon, its centre of origin, 
in Java (1889), Taiwan (1912), Central American States of Honduras ^ 
Guatemala (1940) and later on in other South American countries.
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Present world production of cltronella oil amounts to about 5f000 
tonnes mainly contributed by Taiwan, Guatemala, Honduras, Halaya, 
Brasil, Ceylon, India, Argentina, Equador, Madagascar, Mexico and 
Vest Indies* Introduction of cltronella In India dates back to 1959 
when a few slips had been collected from Java by National Botanical 
Research Institute* Albeit successful acclimatisation at Lucknow, 
the introduction 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 
Essential Oils Research Committee, CSIB, helped the establishment 
and extension of this crop in India by CIMPO (presently CIMAP) Regional 
Centre at Bangalore In 1961* In India, 300-360 tonnes of oil had been 
produced for the last 6-8 years prior to 1979 in the States of Assam, 
Karnataka, Maharashtra, Tamil Nadu, Uttar Pradesh and Vest Bengal 
(Virmanl £& , 1919} «

Statistics of import-export of different essential oils for 
1960-*61 to 1976-*77 (Anon, 1968-*77, Virmanl and Datta, 1971) reveal 
that India had been successful to dispense with Import of cltronella 
oil only since 1974-‘75* Haravana ft al* (1976) observed an apparent 
surplus availability of this oil in Indian market since 1974-*76 In 
toe perspective of the sise and needs of the essential oil for toe 
existing Industries* They also extended several suggestions so as to 
boost up the national export potential In respect of cltronella oil*

Java cltronella oil contains an array of chemical constituents 
(Guenther, I960, 1968| Anon, I960; Virmanl and Datta, 1971} Virmanl 
I&ALm 1979) of which commercially most Important principles comprise 
of oltronellal, geranlol and cltronellol* The oil serves as a starting
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material for extraction of various important isolates, such as, 
geraniol ana cltronellal, which can he further converted into some 
of the extensively used aromatics, such as, eitronellol, hydroxy* 
eitronellal, synthetic menthol, esters of geraniol and cltronellol, 
etc* This oil finds its use also in scenting of soaps, mosquito 
repellent creams and other technical preparations (Guenther, I960) 
Anon, 1950$ Bor, I960) ?iraani & 1979), This oil also possesses
appreciable medicinal potentialities (Suri £& §|,.t 1978)*

with the ever increasing demand of this oil for diverse Indus* 
trial products (Vimanl ^.,1979) t it is imperative that the pro­
jected 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 area of cultivation to 
balance the need appears to have reached its limit vis-a-vis the 
competition on lands occupied by food grains and plantation crops* The 
improvement of essential oil yield per unit area as well as tolerance 
to minimum cultivation would go a long way to establish this crop as 
an important cash crop in the limited area*

Xn spite of its immense economic importance not much work has 
been done so far for improvement of this crop through applied genetics 
(Chauhan £& aJ*., 1976) Gupta 4 Jain, 1978) Choudhary and Kaul,1980ai. 
Whatever information Is available Is not inadequate to indicate the 
possibility of genetic upgrading, particularly in the vegetatively 
propagated Java citronella* Attempts have been made in this treatise 
to evaluate the exploltabillty of natural genetic resource for Identi­
fication of improved genotypes* The possibility of selection for 
beneficial genotypes for oil yield has also been studied from mutated 
clones subjected to dechimerination and selection*
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Free intra* and Interspecific hybridisation (Borf 1953) Gupta,
1971) hare reportedly resulted in a swarm of transition forms in 
general in the genus Cymbopogen Sprang* (Anon, 1950} and in &»
Klntarlanue Jowltt also (Rawltainar and Narajrana, Personal Contmnl- 
cation)• Besides9 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 
pressures had most plausibly yielded minor evolutionary changes,which, 
in fine9 resulted in various genetically stabilised, morphologically 
discernible and economically distinct types or cultlvars in this species 
(Sole & al«. 1983b) • To date, in India, there are four such eacotii 
types or cultlvars Introduced from Java (Virmani sk al«f1979)t later 
on discriminated into Java*! or Java (Type*!) and Java*!! or Java 
(Type*!!) (Hajamanl §k 1965)Tfrom Guatemala (Baryanana and
Oanesha Kao, 1969) and from Burma (Kaul sk al.f 1977), hereinafter 
denoted as Java*!, Java*!!, Guatemala and Burma respectively*

Comparative assessment was reported in respect of general par* 
formance, yield and composition of oil between Java*! and Java*!! by 
Virmani & (1967b, 1979) and among Java*!, Java*!! and Guatemala
by Narayana sk flk* (W6)« Kaul (1977) compared Burma with
Java*!! (eited as •Burmese1 and 9Java9 respectively) in terms of 
apparent growth and vigour, herbage yield per plant, oU percentage 
and oil constituents. Ravlkumar and Narayana (Personal Communication) 
depleted the distinguishing morphological features of Java*!, Java*!! 
and Guatemala to facilitate identification. They evaluated the quality 
of oils also. Kole £& &* (1981b) studied the morpho*economie features 
of Burma, wherein differences fro® other three cultlvars were also sited*
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Loustalot and Fernanda® Pol (1949) reported the differences of ♦Java* 
and Guatemala for yield of fresh grass, yield and percentage of oil 
and geranlol content In oil at different heights as stage of harvest*

But In all those studies except that of Loustalot and Fernando® 
Pol (l*e,) Intervarletal differences of the characters were not sub­
jected to statistical estimation but were observed at visual and or 
numerical level*

A statistical approach was undertaken at Bangalore Regional 
Centre of CIMAP with a view to estimating the nature and extent of the 
natural Intra-varietal variation of eighteen characters and Intervarle­
tal variation of twenty characters In four cultlvars, vis*. Java-I, 
Java-II, Guatemala and Burma (Kole al.t1980)*
.

i The objective of the present study is to estimate the genetic 
base of variation In and among the cultlvars, to Identify the best 
assemblage of morpho-econoaic characters for effective selection 
response of the genotypes and to apply selection procedure on that

i

basis to isolate the biologically competent genotype for future 
breeding works*

Estimates of the genetic parameters, such as, genotypic coeffi­
cient of variation, genetic advance and herltability are basic to any 
selection programme. The* present author Is not aware of any such 
information In this crop*

^The present experiment encompasses, In Its second step, estima­

tion of these genetic parameters and therefrom, the prediction of the 
relative worth of some characters In selection*

Oil yield In eltronella, similar to other crops, is a quantitative
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character, which, most often, registers lev to noderate heritability# 
This character would most likely succumb to environmental Interac­
tions, hardly reliable and effective would be this character as a 
selection criterion. The component characters contributing to this 
complex character may very veil be exploited in the alternative approach 
based on "correlation and causation’' proposed by right (1921 a). Suds 
a component approach has been attempted with two st ?ps. (The first 

step alas at determination of the nature and extent of correlations 
among oil yield from leaf and the probable contributing characters#
The second on© involves in the estimation of the direct and Indirect 
contributions of these characters toward oil yield from leaf*) These 

findings have been utilised to identify the characters worthwhile 
to be effective and profitable basis of selection for genetic upgrading 
of this crop#
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According to Vlrraani $£ §&.• (1979) cltronella was introduced 

In India fro;* Java in 1959 at the National Botanical Research 
Institute* The plants acclimatised successfully in a small scale 
plantation at Luc-oow, But this introduction was not followed up as 
the crop perished jin flood*

Java cltronella was simultaneously introduced in India by the 
Cinchona Department, Ootacanund in around 1959 (Vinaan1 £& al.. 1979}# 
According to iiarayana (1976) the Bangalore Regional Centre of
CliiPC (presently CIMAP) had obtained these slips in 1962 in two consign* 
ments, which appeared to be a single strain, vis*. Java cltronella*
But while grown at Bangalore, these exhibited a considerable variation 
and was discriminated into two cultivars, vis-. Java-I and Java-II* A 
subsequent introduction of another sample of Java cltronella slips was 
made from Guatemala in Central America* Repeated observations proved 
Java-II 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 cultivation,

Virmani al* (1967b)reported Java-I and Java-II to contain 
alcohols calculated as geranlol to the extent of 71,24% and 65*18$ 
respectively while aldehydes calculated as citronelXal to the extent 
of 13*85$ and 37*0$ respectively,

Loustalot and Fernandes Pol (1949) conducted an experiment to 
study the effect of harvesting cltronella, ('Java* and Guatemala) at

'i‘ - ■three different heights (minimum - 1*00 m, medium - 1,35 m and 
1*83 m) and the three numbers of harvest (8, 11 & 16) over a period 
of four years on yield and oil content* In all the treatments, Java
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surpassed Guatemala in respect of production of fresh grass* Guatemala 
surpassed Java with respect to percentage of oil, as a result of which 
Guatemala produced higher average yield of oil per hectare than Java 
while harvested at maximum or low height. But the result was reverse 
when harvested at medium height since percentage of oil in Guatemala 
was not much higher than that in Java when harvested at medium height9 
and the yield of grass was higher in Java than that of Guatemala* 
Guatemala was slightly hut consistently superior with regard to percent 
tage of geraalol.

Introduction and chemical ©valuation of ‘Burmese citroneila* 
was reported by Kaul et al# (1977}• Planting materials were obtained 
through the courtsey of Dr. 2, K, Janaki Aomal from collections main­
tained at the Botany Department of Madras University, Those were 
planted in experimental plots of RRL, Jammu, along with ‘Java1, The 
cultivars appeared to be morphologically similar. But •Burmese1 had 
an edge over ‘Java* in growth and vigour. Oil content of 0,8;" was 
same for both the cultivars. However, GLC analysis of oil revealed 
accountable differences* The percentages of cltronellal, cltronellol, 
geranlol an 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 ‘Java1* 
Hence, ‘Burmese* was claimed superior to ‘Java* as a source for 
cltronellal.

But in all of these studies only the economic characters, via-, 
fresh herbage yield, oil yield, oil content and oil composition were 
taken into consideration.

♦ •

Havlkumar and Harayana (Personal Communication) subsequently 
carried out a comprehensive comparative study on some economic as well
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as morphological characters of Java-I, Java*II and Guatemala along 
with Ceylon citronella (£,. nardus Handle), 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 flowering shoots, 
length of the panicle, nature of the panicle, arrangement of the main 
lateral branches on panicle axis, number of splkelets per raceme, 
lodleules & style" • The qualitative studies oil oils revealed the 
contents (per cent by weight) of total alcohols calculated as geranlol 
to be 63,0, 94,0 and 90,8 and total aldehyde calculated as cltronellal 
to be 18,1, 44,1 mid 37,9 for Java-I, Java-H and Guatemala respect!* 
vely as against 85-97$ total alcohols calculated as geranlol and 
35-45$ total aldehyde calculated as cltronellal stipulated by ISI 
(Anon, 1957),

All the reports except teat of Loustalot mid Fernanda* Pol 
(1949) were based on visual and or comparison of the numerical records 
of observation. The retrospect reveals two facts, l.p». (1) test 
of statistical significance of tee observed Intervarietal differences 
for all Important characters Is still lackingj (11) a handful of 
other characters which may have important Impact on economic product 
awaits statistical evaluation.

The author conducted (hole £& 4L*» 1980) an experiment at 
Bangalore Centre of CXMA8 to study the natural variation In four 
cultlvars, vis*. Java-I, Java-11, Guatemala and Burma, Apart from 
the sixteen morphological characters considered In the present expert* 
ment, percentage and yield of cltronellal and geranlol were also 
included In that experiment*



Ho Information, whatsoever, is available regarding the estimates 
on genetio parameters, correlations of yield contributing characters 
as well as the relative contributions of these characters on oil yield 
of Java citronalia *

The existing base of variation in the clones of Introduced 
slips has provided good clones for cultivation* Still, further upgra* 
ding la necessary for augmentation of oil yield* The upgrading is 
possible through genetic manipulation. The effactivity of any attempts 
for genetic manipulation depends on a clear understanding of the 
genetic background of the crop*
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three caltlvars were included in this experiment* These were 
Java*! | Java*»ll and Guatemala* Inclusion of Burma was net possible 
due to paucity of propagules* '‘ropagatlnr materials were obtained by 
the eourtsey of Bangalore ©clonal Centre of CIHA*.

This experiment was conducted in the Research Far© of BCKV at 
Kalyanl, ’ est Bengal* Information on soil of the Far© and the
oliaate during growing period are furnished in Annexore I* Rando-miscd
Block Desi^-rv wllVv ^Ive. -re^UcoAlcms was followed -^ot IVus expetiTne-nl.

looted slips or •biblts» of about 20 ess length were transplanted 
on Sth March, 1980* Bach slip with tiller(s) was placed in one 
planting hole of about 12 cm depth, dug €0 cm apart on the side of the 
ridges at a distance of 76 en* lie manure or fertiliser was used*
‘boding and Irrigation were provided os and when needed* Harvesting 
was done in the first fortnight of October, 1980 at IM5 leaf stage*

The biometrical data were recorded on freshly harvested individual 
clumps* Oil recovery and oil yield variables were determined fro© 
distillation by Clevenger's apparatus (19^)*

for studies on variation and genetic parameters sixteen morphe* 
economic characters were included* These were as follows*

1* Oil yield fro© herbage in cc,
2* 011 yield from leaves in eo,
3* Oil yield from stems in ee,
4* 011 recovery fro© 100 g herbage in cc,
6* Oil recovery froa 100 g leaves in oe9
6* Oil recovery froa 100 g stems in ee,
7# Weight of herbage in g.
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8* ' eight of leaves in g9

9* Weight of stems in g,

10* Number of tillers9
11• Average number of leaves per tillery

12* Average length of tillers in cm,

13. Average length of Sr3.leaf blades in om,

14. Average maximum breadth of 3rd. leaf blades in om,

15. Average length of stems in cm,

16. Average basal girth of stems in cm.

In eitronella, only leaves are used for distillation (Guenther, 

1980), since other parts contain lower percentages of oil and those 

are also of inferior quality (Singh et al.. 1976$ Vlrmani $£ al.,,1979). 

For this reason, oil 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 path*coeffieient 

analysis. The independent characters included leaf weight, tiller 

number, tiller length, leaf length and leaf breadth.

Variance analysis for each variable was carried out to assess 

intervarietal variation and genetic parameters, visur genotypic 

coefficient of variation (GOV), heritabillty in broad sense (B$) and 

genetic advance percentage of mean (GAjS of mean).

Variance and covariance analysis for each of and for each pair 

of variables served for computing phenotypic, genotypic and environ* 

mental correlations from respective variance and covariance components* 

Path-coefficient analysis was carried out at phenotypic level follow* 
ing Dewey and Lvl (19S9)* Details +Vi£ statistical procedures 
QV€ ^j'lvtrvi^Viccl ivw Awncxure. - 3V
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Intervarietal variation

fhe results on intervarietal variation are furnished In
Table No* l» Results o\ A s o-^ VOT>^Y\< e £\t£ ^utWisked w
AirtYvey iayc - V

These results have been compared with those from the experiment 
conducted at Bangalore Regional Centre of CIMAP by Kole jjtt fli.* (1980) • 
In the following dlscusslon9 that experiment Is cited as experiment 
•at Bangalore* for brevity*

In the present experiment, oil yield variables have registered 
significant variation at both 5% and X% levels, while at Bangalore 
significant variation at level was obtained for only oil yield from 
•ten* Java*!! has outylelded Java-2 for stem and Guatemala with 
regard to herb, leaf and stem at both the levels* Java-X has been 
significantly (at 6i level) superior to Guatemala for oil yield from 
herb and oil yield from leaf*

Oil recovery from herb and from leaf have exhibited highly 
significant variation* At Bangalore, all the oil recovery variables 
registered highly significant variation* The difference between 
Java-IX and Java-I has been insignificant but It was highly signifi­
cant at Bangalore* Java-Xl 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-I and Guatemala has been insignificant in both the experiments 
for oil recovery from stem* For oil recovery from herb and from leaf 
Java-X has outyielded Guatemala at only 5% level, while at BangalofSf 
Guatemala surpassed Java-X at both the levels* Consistently higher
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recovery of oil from froth gross of Guatemala over ‘Java* was 
reported by Loustalot and Fernandes Pol (1949)* It appears that 
their fJava# behaved like Java-I type of strain* For oil recovery 
variables also Java-II spears to be consistently superior*

All the three characters pertinent to weight have varied sig* 
nifleantly at S$ level, whereas It was only stem weight at Bangalore 
to do so* Java-II significantly lagged behind Java*! and equalled 
Guatemala for stem weight at Bangalore* But Java-II has significantly 
outweighed Java*! for stem and Guatemala for steay leaf and herb* 
Java*! has exhibited significant superiority over Guatemala for leaf 
weight only, while It significantly outweighed 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 (1949) finds support from the present experiment* 
"this substantiates the earlier assumption that their *Java* strain 
was of sane behaviour as that of Java*!* Xn terms of weight 
variables also, Java*XI9 ipso factor emerges out as no less better 
than Java-I.

With regard to tiller maker, variation realised has been 
highly significant* At Bangalore9 variation was significant at only 
& level* Java*! has been found to significantly outnumber Java*!! 
at both the levels and Guatemala at 5$ level* But at Bangalore 
Java*! was significantly inferior to Java*!! and did not differ from 
Guatemala* The results of the present experiment conform to the 
numerical observation of Favlkumar & liar ay ana (Personal Communi* 
cation)• They observed Java*!, Guatemala and Java*!! to assume maker 
of vegetative shoots as 90-110, 70*95 and 60-85 respectively*
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Insignificant variation has naan found In respect of loaf 
number* This finding Is similar to that of the experiment at 
Bangalore.

Regarding tiller length Java*!! and Java*!, with no significant 
difference In between* have surpassed Guatemala at both the levels*
But at Bangalore Java*! vas significantly superior to both Guatemala 
and Java-II, which had no difference In between*

With regard to leaf length the results have been similar to 
those for tiller length* At Bangalore Java*! was superior to both 
Guatemala and Java*!I at both the levels and Guatemala vas superior 
to Java*!! at 5% level* Ravlkumar and Barayana (Personal Communloa- 
tion) claimed Java*! to be tallest and they observed length of leaf 
blade of Java*!* Java*!! and Guatemala as 85*110 emy 60*75 m and 
60*70 cm respectively* Their findings are* sore or less* similar to 
those Obtained from the experiment conducted at the same place of
experiment as theirs*

6

For leaf breadth Java*!! has registered highly significant 
superiority over both Guatemala and Java-X and Guatemala has exhibited 
superiority over Java*! at 5% level* The variation for leaf breadth 
at Bangalore also vas highly significant* But at both the levels* 
Java*!! and Guatemala had no difference In betveen and both were better 
than Java*! at both the levels* Ravlkamar and Bar ay ana (Personal 
Communication) observed leaf breadth for Java*!!, Guatemala and Java*! 
ms 17*22 ana* 15*20 mm & 10*14 mm respectively. The findings of the 
experiment at Bangalore are, more or less* congruous to those of their 
numerical observation*



An Insignificant variation has resulted for stem length. In 
contrast9 a highly significant variation was observed at Bangaloret 
where at both the levels, J«va-I was better than Guatemala, which, 
in turn, was better than Java-II,

Regarding basal girth at both the levels, Java-XI has been 
found to be superior to Guatemala, which, in turn, has surpassed 
Java-1, At Bangalore at both the levels, Java-I was superior to 
both Java-XX and Guatemala but the latter two strains did not differ*

The present 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 
edapho-cllmates, interaction of which has a strong bearing upon the 
ultimate phenotypic expression of any quantitative character. Apart 
from environmental deviation, the Intravarietal variations in all 
the cultlvars at Bangalore seem to have played a vital role. The 
samples of ‘Mbits1 collected for the present experiment were not 
systematic for the spectrum of variation for all the cultlvars.

Another fact of interest emerges out of the experiment is 
that nine characters, vis«. oil yield from stem, oil recovery from 
herb, oil recovery from leaf, stem weight, tiller niu&er, tiller 
length, leaf length, leaf breadth and basal girth have exhibited 
consistently significant variation. But six characters, vie,, oil 
yield from herb, oil yield from leaf, oil recovery from stem, herb 
weight, leaf weight and stem weight have revealed significant 
variation in either of the experiments, leaf number has shown 
insignificant variation In both the experiments*



Java-II appears to be a consistently superior strain for Boost 
of the important characters* Moreover, it bears oil of good quality* 
Vlrmani (1967b) reported superiority of Java-II over Java-I
In terms of total aldehydes calculated as citronellal but a slight 
Inferiority to Java-I regarding total alcohols calculated as geraniol* 
But superiority of Java-II over Java-I for both alcohols and aldehydes 
was claimed by Vlrmani £& ai,. (1979)• From repeated observations on 
Java-X, Java-IX and Guatemala, Haryana alt. &L* (1976) rated Java-II as 
the best type. Its oil also met the Indian Standard specifications 
(Anon, 1957) for Java type cltronolla oil of 85-97 per cent by 
weight of total alcohols (as geraniol) acid 35*45 per cent by weight 
of total aldehyde (as citronellal)• Its oil also gained accep­
tance from perfumery industry and, therefore, it was selected for 

? large scale production, navlkumar and Harayana (Personal Communica­
tion) found Java-11 and Guatemala to m;»et Indian Standard specifica­
tions for Java type citronellal oil. Hut Java-II surpassed 
numerically both Guatemala and Java-I in terms of total alcohols 
calculated as geraniol and total aldehyde content calculated as 
citronellal. Slightly but consistently higher percentage cf 
geraniol In oil of Guatemala over •Java* was reported by Loustalot 
and Fernando* *oi (1949), Thel' findings find parity in those of 
Kole g& (1980), who through GLC analysis observed Guatemala to 
lead with 26.028* geraniol• Guatemala was numerically better than 
Java-I (24.603$) but significantly superior to Java-II (20.178$) 

and Burma (17*908$) at both the levels* For citronellal percentage, 
Guatemala (45*01) was also found to be significantly better than 
Burma (35*188), Java-II (33*796) and Java-I (8.061) at both the levels 
However, Java II was superior to Java-I at both the levels. Kaul
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£& &• (1977) also evaluated the oils of •Java1 (Java*XI Is sailed as 
•Java*, Vlrmani & 1979) and ‘Burmese* by GLC analysis* They
found much higher percentage of eitronellal in •Burmese* (66.3/0 than 
in *Java* (48*6$)* But ‘Java* was found to be superior in respect of 
eitronellol (14.2=0 and geranlol (29.6/0. •Burmese» contained 6*4jJ 
citronellol and 14.7$ geranlol. According to Guenther <1968) GLC 
standard of Java cltronella oil for eitronellal, geranlol and citrons* 
llol is as follows*

eitronellal * 32*462», best quality above 38g
Geranlol - 12*18g, M " • 16g
Citronellol - U-16g, " M tt 12*

Sop oil of Java-II fairly meets the requirements of GLC standard also* 
Even the oil exceeded the specifications for best quality for geranlol 
at Bangalore and the oil of •Java* exceeded the requirements for best 
quality for eitronellal, citronellol and geranlol of GLC standard*

So, on the basis of encouraging overall performance regarding 
most of the aorpho*eeonomic characters, Java*!! deserves to be a 
potential base material for genetic amelioration of this crop for 
yield and quality*

Status.P.araasttrg
The estimates of the genetic parameters under study, vis.,OCV,

Ei and Gk% of mean for 16 characters are furnished in Table Mo* 1*
The values realised for OCV and Gk% 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 (exceeding 2 x highest value/3)* The 
same assumption with 100 as the highest value has been adopted for 
rating B£*



High GCV estimates have been obtained for oil yield from stem9 
leaf and from herb* leaf bread tit and tiller nuaiber** Moderate values 
have been obtained for stem weight, basal girth, oil recovery from 
leaf and herb, leaf weight, herb weight and leaf length* Low have 
been the estimates for tiller length, oil recovery from stem, leaf 
number and stem length.

So far as the values of Gk% of mean are concerned, the charac- 
ters under high category are leaf breadth, oil yield from stem, leaf 
and from herb and basal girth* Moderate values have been assumed by 
tiller number, stem weight, oil recovery from leaf and from herb, leaf 
weight, herb weight: and loaf length* Low values are associated with 
tiller length, oil recovery from stem, leaf number and stem length*

High U% estimates have been obtained for leaf breadth, basal 
girth, tiller length, leaf length, oil yield from stem, oil recovery 
from herb and from leaf* Moderate values have been realised for oil 
yield from herb and from 1ecu, tiller number, stem weight, leaf 
weight, herb weight and leaf number* Lew are the values associated 
with oil recovery from stem and stem length*

It is of interest to note a very doce behaviour of GCV and QA£ 
of mean. For each character, value Is high, moderate or low for both 
the parameters* Even the sequonclal positions of characters In order 
of GCV estimates are, more or leas, same while compared to those 
arranged In order of GA$ of mean and vice versa. But such type of 
similarity of with either GCV or GA$ of mean Is beyond general!- 
sation*

Out of 16 characters, leaf breadth emerges out as most promising. 
It has registered highest values for II-t and GA% of mean and has ranked



4th for QCV value* An association of high values of H$, OCV and QA$ 
of mean proves Its worth as the most Important selection criterion. 
Since, this type of association indicates additive gene offsets and 
leads to consequent genetic gain from selection (Panset 1967).

An association of high estimates of H£, GCV and Qk% of mean 
has been realised for oil yield from stem also* For the other two 
oil yield variables an association of high OCV and Qk% of mean and 
moderate U% has been obtained. In contrast, oil recovery from herb 
and from leaf have registered an association of high and moderate 
OCV and 0k% of mean* However, the oil yield variables are complex 
characters* Oil yield variables as well as oil recovery variables 
can not be considered as selection criteria, since assessment of these 
variables by distillation for a large number of clumps in any breeding 
experiment is not practically feasible*

Basal girth has assumed high values for 'd% and GA# of mean and 
moderate estimate for GCV* This character may be based upon in 
•election*

All the three weight variables have registered moderate estimates 
for GCV, Gk% of mean and H$, These characters are difficult to handle 
in field experiments and may be considered when sample si«e is small*

High QCV coupled with moderate U% and GA;I of mean have been 
realised by tiller number* leaf length has assumed high together 
with moderate GCV and Ga$ of mean* These two characters may also be 
considered in selection*

Despite low OCV and Qki of mean, tiller length has registered 
high B£, for which this character deserves consideration*



the genetic parameters of the three characters, vis.« oil recovery 
from stem, leaf number and stem length, which have exhibited insignlfi- 
cant variation also, reveal unaccountable estimates. Both oil recovery 
from stem and stem length have been of a combination of low OCV, low 
GA$ of mean coupled with low 11$. On the other hand, leaf number has 
assumed low GCV, low GA$ of mean associated with moderate H$.

From the above discussion, leaf breadth appears to be the most 
important character as a selection criterion. Basal girth, leaf length 
and tiller number can also be taken in order of preference as selection 
criteria, filler length and weight variables may be included on 
consideration*

Cttcr.8i^}toBa.,.aaa, r.atfrraatfUrtgaEanal vw I a

Direct, phenotypic, genotypic and environmental correlation 
values of five characters inter ge and with oil yield from leaf, 
hereinafter cited as oil yield, are presented in fable ho. 2. The 
results of path-coefficient analysis (at phenotypic level) for those 
characters are presented in fable Ho. 3*

It is evident from fable No. 2 that the correlations at pheno­
typic and genotypic level in each cell are of same direction and have 
assumed close values. The estimates of direct and phenotypic associa­
tions are also remarkably close enough in magnitude and are of ease 
sign. Host interestingly, the relationship of phenotypic, genotypic 
and environmental correlation estimates along with heritability 
values for a pair of characters universally followed a general formula 
as follows t

P . 0 \l S \ja-HX) (1-Hjj)
where P, Q and E are phenotypic, genotypic and environmental
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correlations eatlaated as usual from respective variance and covari­
ance components* %and Hg are heritabillty (in broad sense9 H$) 
values of the two characters Involved in association* The values of
y HjHg and (l-B)} (l-Hg)and H* are also tabulated (Table »o*8)

The associations at environmental level between leaf weight 
and tiller length, leaf weight and leaf breadth, tiller nuafeer and 
tiller length, tiller number and leaf length, tiller number and leaf 
breadth and between leaf breadth and oil yield have been found to be 
negative, whereas phenotypic and genotypic correlations have been of 
ease direction. For each of these pairs P/Q is less than ]/*!** •

Secondly, the phenotypic correlation value has exceeded its 
genotypic counterpart for associations between leaf weight and tiller 
number and tiller number and oil yield. Xn both the cases K/0 is
■ore than (!• ^ %Hg) / ^ (1,

Xn rest of the eases phenotypic correlation values have been 
lees than genotypic values, and in each of these eases B/0 is Isss

u»n a -\j nxHe) / \j a-Hi.) a-a8).
This relationship was deduced by Searle (1961) to study the

relationship of phenotypic, ’genetic* and environmental correlations
along with heritability values derived from certain animal records*

»

The present findings indicate that this relationship is as good la 
Java eitronella also. Substitution of phenotypic correlation estimate 
by direct correlation value also satisfies the equation*

Path-coefficient analysis at phenotypic level has revealed



positive direct contribution of leaf length, leaf breadth, tiller 
maker end leaf weight on oil yield. But tiller length has registered 
a negative direct effect*

leaf length has exhibited highest positive contribution* But its 
indirect effect sift tiller lenrth has been very high sod negative* this 
effect has outweighed its low but positive Indirect effects via tiller 
maker and leaf breadth* But indeed a very high direct effect, even 
reduced to some extent, has resulted in a high positive association 
with oil yield* The positive indirect contributions of other Oharas* 
tera xiJk leaf length, particularly very high effects of leaf weight 
and tiller length and moderate effect of tiller maker ere also 
encouraging* The leaf length has been involved in a high positive 
association with leaf weight* Correlation value of this character 
with tiller length was also positive and very high*

Leaf breadth is second in magnitude of direct contribution on 
oil yield* But its total indirect effect has been negative and has 
assumed a high value* As a result the total effect has been diminished 
to a moderate value in spite of a very high direct effect* It has 
registered moderate negative indirect effect through tiller number 
and tiller length* On the other hand, tiller number has exhibited a 
negative and high indirect effect &A leaf breadth* This indirect 
effect has largely counterbalanced the positive indirect effects mainly 
a moderate effect cf tiller length and a low but positive effect of 
leef length leaf breadth* This relation between leaf breadth end 
tiller number is explicit in their high negative association*

k high positive direct effect mi oil yield has been manifested
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by tiller number, Its low but negative total indirect effect bee 
resulted mainly due to a high negative effect of leaf breadth which 
has surpassed a moderate positive effect of leaf length. The total 
effect, 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 breadth 
by moderate positive effect of leaf weight and low but positive effect 
of leaf length. It has been involved in a very high positive associa­
tion with leaf weight. Its association with leaf breadth has already 
been delineated.

Although a minimum but positive direct effect has been realised 
for leaf weight, a high total indirect effect has solely yielded in 
a very high positive association with oil yield, A very high indirect 
effect through leaf length substantiated by the moderate effect via 
tiller number has surpassed by far the negative high effect 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 &§ 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 ©H yield. Its correlation with leaf length 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 criteria, 
filler number also deserves Inclusion along with those. Leaf weight 
nay he considered for its high Indirect effecty while tiller length 
nay not he taken into consideration• These findings9 In faetf confirm 
the earlier prediction on identification of selection criteria on the 

basis of genetic paraaeters.

Component approach in selection is gaining importance day hy
day. Graflus (1959) opined that yield in barley is as artifactf
since genes for yield per ae were not found to exist. The same author
(19S6) defined yield in oats as a geometrical construct, vis., a *
parallelepiped with the yield components as the edges.

Xt was worthwhile a suggestion by Hlckell & Graflus (1969) to 
partition the more complex quantitative traits like yield into simpler 
components to have some insight into genotype*environment 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 due as to 
why the complex trait fails to respond in an expected manner# They 
also viewed that sdeetlon for yield while ignoring the components 
may produce seme unusual and undesirable results and the converse was 
also thoughtto be true.

Yield was described to be the product of its component traits 
in various cropsby delete (i: •:.•?), fioblnson sk Sk* (1951), Johnson 

(1965), Graflus (1956, 1959), Dewey & Lu (1959), Siokdl A 
Graflus (1969) and several other workers#
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Three culUears of Java Cltronella, Crabooegon vlntarlaaua
J°Vitt’ h*Ye been t8Sted f°r th0ir Perf0rmanC9 ln "" 0ang9W° 
alluvium Farm land of BCKV*/

On the basis of 16 morpho-economle characters Java-II has been 
found to give the best response^ The varieties show significant 

difference with respect to all characters except oil recovery from 
stem, leaf number and atom length*

Estimates of genetic parameters of 16 characters indicate 
that leaf breadth can be considered to be reliable criterion for 
clonal selection. Basal girth, leaf length and tiller number are the 
next best characters in order of meritv followed by tiller length 
and the weight variables which can be taken Into consideration 
collectively* Path-coefficient analysis has revealed leaf length and 
leaf breadth followed by tiller number to be the most promising 
characters* Leaf weight also deserves consideration^)

Java-II has emerged as the best cultivar on the basis of 
most of the morpho-economlc traitsT) Character analysis revealed 

statistically significant variation In oil yield variables, oil 
recovery from herb and leaf, weight variables, tiller number, tiller 
length, leaf breadth and basal girth. Oil recovery of stem, leaf 
number and stem length have registered insignificant variation* On 
the basis of genetic parameters, vlg.f GCV, 0k% of mean and B$, leaf 
breadth has appeared to be most promising as a selection criterion* 
Basal girth, leaf length and tiller number have appeared to be 
appreciably profitable in selection* filler length and the weight



variable* «ay also deeerve consideration. (studle^on correlation, 

and path-eoefficlent analysis with leaf weight, tiller number, 
tiller length, leaf length and leaf breadth as independent variables 
and oil yield from leaf as dependent variable,(have Indicated leaf 

length, leaf breadth followed by tiller number to be important
characters in selection programme for higher oil yield*



1, Performance of Java*!! may be tested in *imilti«»loeation89 of 
this state particularly including the problem eones9 such as, 
drought prone areast saline tracts and acid soils of terai 
belts*

2* Application of "discriminant function" (Smith, 1936) in
selection is necessary to find out relative weightages to be 
conferred on various selection criteria to achieve maximum 
genetic gain*

3* Attempts of combining the desirable characters of the
eultivars may be made in the agro-climates where this crop 
flowers and set viable seeds*

4* Java-II may be selected as base material for mutation breeding 
works with a view to creating variation and selecting desirsblo 
genotypes, if any*



CHARACTER ANALYSIS OR
X-IKKADIAIED POPULATION OF JAVA CITROHELLA

tSx&smm ytoltfcma *«***>
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As already been delineated, Java-II, the superior strain amongst 
the four cultivars of Java Cltroneila, C, winterianus. is exclusively 
cultivated in different eones of India, Though this crop is highly 
remunerative, the demand for its product has been met through exten- 
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 al«. 1976} Choudhary 
and Kaui, 1980a).

The present author observed low intravarietal variation for 
most of the agronomic characters in this crop (Kole al,« 1980) • 
Choudhary and Kaui (1980a)also reckoned the natural (within cuitivar) 
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 crop for oil yield desiderates 
Induction of variability by hybridisation or mutation. The scope of 
employing cross breeding is United due to certain anomalies pertinent 
to flowering and seed setting, particularly in the Oangetie alluvial 
tracts of vest Bengal, Although free Interspecific and intraspeeifie 
hybridisation are reportedly prevalent in the genus Cymbopoeon Spreng, 
(Anon, 1950} Bor, 1963} Gupta, 1971) sporadic flowering had been reported 
In this species (Anon, l.c.), liavikumar and harayana (Personal Communi­
cation) and Pavikunar (1977) observed sporadic flowering In
Guatemala but profuse flowering in Java-I and Java-II, Havikumar £& sL* 
(l«e.) recovered very few viable seeds in Java-I, but Java-XI and 
Guatemala did not set any seed, Bor (1960) also reported the occurrence 
of partial sterility* But Chandra (1973) observed Java-II to flower
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*nd to produce seeds. Observations at West Bengal plains has revealed 
no flowering In Java-II and Guatemala either. However, malformation 
was noted in the inflorescence shoots, which emerged only very sporadic 
cally, in Java*!* Virmani 4k« (1979) reported profuse flowering of 
Java citronella in South India and at higher altitudes in the hills of 
North-Eastern India, but only sporadic flowering in the plains of North 
and North-Sastern India* they also reported failure to form viable 
seeds because of meiotlc irregularities* All these lead but to the 
conclusion that hybridisation will not be a feasible method for genetic 
manipulation in Java citronella*

Utilisation of physical and chemical mutagens is a worthwhile 
proposition in this crop* Vegetative propagation, a rule in cultiva­
tion of this crop, is conducive to effective mutation breeding. As 
revealed from the available literature with the author, the use of 
mutagens In improvement of vegetatively propagated crops is not insig­
nificant* Only the list compiled by Slgurbjornson and Mlcke (1973) 
of the varieties of vegetatively propagated plants developed by utilising 
induced mutations and the bibliography prepared by Nybom and Mlcke 
(1873) on mutation breeding of vegetatively propagated plants and woody 
perennials will prove the worth of mutation breeding as a tool in impro­
vement of vegetatively propagated plants.

Gupta (1973), Cbauhan U076), Atal (1979) and Choudhary
and Kaul (1930 a) suggested the use of physical and chemical mutagens 
to Induce variability in this crop* Cbauhan s2k 3i.* Utaft*) isolated 
a few promising plants with increased tillering, number and else of 
leaves and thereby higher herb yield by use of alkylating mutagens,



lift* I WSf DHS and DHSO. A strain, «RRWCR-3-l970tt was also developed 
through EMS treatment (Ganguly fit ai.#t 3979)*

So far as the physical mutagens are concerned, occurrence of 
morphological mutants in the gamma ray-exposed population was repor­
ted by Chandra (1973)« With X-ray treatment Choudhary and Kaul (1980a) 
were successful to induce variability in plant height and fresh herbage 
yield but the variability for the latter character was negatively 
skewed. Reduction in various quantitative characters in their experi­
ment was similar to that reported by Chandra and Gupta (1975) who had 
used gamma rays*

But effective use of ionising radiations, vis.. X-rays and 
gamma rays, in other species of Cvrabogogon Spreng. aiming at inducing 
morphological stimulation, isolation of positive variants and recti­
fication of defects in oil quality are quite encouraging (Kapoor and 
Datta, 1967| Gupta, 1969a) Gupta and Kapoor, 1970$ Choudhary fi& al.r 
1976; Kaul_et al., 1978$ Atal, 1979$ Hair, 1979, 1980$ Choudhary and 
Kaul, 1980a; Verma fi& &*, 1980).

Mutagenesis of large botanical material, which constitutes 
the basic propagule in a vegetatlvely propagated crop, calls for a 
different approach of selection. Dechimerieatlon 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 axillary 
buds* This does not rule out the possibility of having a few of the 
buds with positive effect*

Therefore, assay of characters of economic importance from



32
clones (VHg) raised from every axillary bud developing from a treated 
propagule (VMX) Into a plant la essential, (the present study Is
designed to delineate the extent of genetic divergence induced in 
some of the agronomic characters by X-ray treatment as well as to 
Identify superior genotypes with reference to the three important 
yield contributing characters, vi*-. leaf length, leaf breadth and 
tiller number and finally in terms of leaf weight. The yield and 
composition of oil were assayed for some of the selected dumps,)



KBT1BV OF LIIETSATUHB

As indicated in the earlier section, improvement in Java cltro* 
nella was sought mainly through selection from clones. The estimates 
of intervarietal differences reveal the existence of appreciable dls- 
orlminabillty for isolation of improved genotypes. In fact, within 
the limit of the existing genetic resource the base of variation is 
not wide enough for developing breeding programme for improvement of 
oil yield.

Reports on induction of variation through mutagenesis in £,.
Minterianus are meagre. Chandra (1973) cited the recovery of large 
number of leaf mutation ranging from pure white to striped green and 
yellow. He obtained a few plants with changed morphological features 
and some plants with elongated stem. These modifications were obtained 
by using gamma irradiation. Chandra and Gupta (1975) reported the 
reduction of various quantitative characters due to gamma irradiation.

Choudhary and Kaul (1980a)treated dormant vegetative slips with 
6 kE, 7.5 kR and 10 kH X-rays (at the dose rate of 770 R/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 kH treatment was less compared to 5 
kE treatment. Fresh herbage yield was also reduced due to treatment9 
whereas oil percentage remained unaffected. They computed LD50 for 
dormant vegetative slips treated with X-rays to be 8.5 kR. They 
further noted an increase in variability for plant height due to treat* 
sent. Induced variability for fresh herbage yield per plant at 7.6 kH 
treatment was negatively skewed.

Chauhan £&, *1- (1976) isolated a few promising plants of Java
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citronella through treatment of slips with 0.5£ solution of DSS, IMS 
and DMSO, The improvement was mainly due to higher herb yield which 
was the manifestation of enhanced tillering, increased leaf number and 
bigger leaf si«e* Oil quality of the selected desirable plants did 
not, however, differ appreciably from that of the control. Ganguly 
tl AL* (19?®) also isolated a strain, *Ki JuJOH-3-1970*, through SMS 
treatment of slips*

Though the few reports on the use of physical mutagenesis as a 
tool for improvement of Java citronella clones are not so encouragingf 
some results obtained with other allied species of Cvabonogon Sprang* 
reveal the turn over of some desirable characters for affective clonal 
selection. Kapoor and Datta (1967) exposed dormant vegetative slips 
of Ceylon citronella, £. nardnp. to 2000-Curle-gaama-ceIl irradiation 
for 1,2,5,10,17*5 and 25 hours. Characteristically enough, the mean 
number of tillers per plant increased with the increase of duration of 
treatment. Almost same was the fate for the mean length of third leaf 
except at 25 hours. Mean height of plant remained unaffected compared 
to control at 2 and 5 hours duration of treatments. In all other treat* 
ments mean plant height was lower than the control. In accordance with 
their report the survlvality per coat of axillary buds Indicated as 
germination percentage decrear.ee gradually with the increase of dura* 
tion of treatment. LD50 for survlvality appeared between 1 and 2 hours 
duration of treatments*

Choudhary *£ (1976) found that 5 and 10 KB X-ray treatments
(770 Vain) of strains Flb-14 (£. khasianua). HI L-16 (£. PflaftalM) and 
BHL-59 (£. fiexiioaua) provided good opportunity for selection,preferably 
with reference to Improvement of one or more components of essential
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oil* Selection In the treated vegetative generation, referred to as 

generation of i'RL-69 resulted In the Identification of a autaat with 
decreased raethyl-eugenol component, which Is regarded to contribute to 
the Improvement of the quality of the essential oil (KauX £l«t1978| 
Atal, 1979; Choudhary and Kaul, 1980b)* On the other hand, Gupta 
(1976-»77) found that irradiation of £* oendulus vegetative slips with 
6, 8 and 10 K rad of gama. rays 3iad significantly decreased the mean 
values for survival, plant height, leaf and tiller number per plant 
and leaf sise In the treated vegetative generation compared to those 
of the control* iJalr (1980) reported Improvement In grass yield per 
plant and augmentation in essential oil yield to the extent of 0*42$ 
as against 0*23^ In the standard type through gamma ray treatment of 
earyopses of flexuosus ver, 0I>-19 followed by selection In the 
clonal progenies of plants raised from treated seeds*

Gupta (1969a) and Gupta and Kapoor (1970) used Co®^ source for 

acute Irradiation of £,. nmrtinil seeds (10-14$ moisture) with '0, 90,
40 and SO K rad doses of gama rays* Germination and survlvallty per 
cent gradually decreased with Increase of doses, LDg^ for gemination 
was estimated to be 35,6 K rad. Compared to control, growth at lower 
doses was vigorous In the treated generation. The mean values for 
plant height, length and breadta of flag leaf were higher than those 
In the control In the #2 gene radon also, Verraa $£ ft^* (1980) used 
low doses of gamma rays to dry seeds of £., martini! var, not la* The 
doses used by them were 5, 7, 10 and 15 kU gamma rays* They achieved 
success in isolating 5 variants with superior morphological characters*

The review of available literature reveals reports not quite 
In agreement with respect to Induced modification of vegetative
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characters and essential oil yield* In all cases with the vegetati- 
▼ely propagated species records were taken from the treated vegeta­
tive generation* ffee fact that irradiation of the vegetative slip 
had involved a large plant part usually with more than one axillary 
hud having least chance of uniform effect of irradiation, was not 
taken into serious consideration, when the metrical data, slip-wise 
and treatment-wise, were averaged to compare with the performance of 
the untreated control* In spite of that the trends of deviation in 
mean values towards positive or negative side compared to control do 
indicate that a proper evaluation of the treated clones after deehi- 
merlsation in the VH^ generation would lead to appropriate assay of 
Induced variation* The present investigation, therefore, has been 
found pertinent with respect to identification of Improved genotypes 
of Java cltronella from a broader base of genetic divergence than 
found In the natural resource*
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The *blblts• were collected from a clump of a strain, KS-CV-S-1, 
developed by selection from Java-11 and tested against Java-1, Guate­
mala and its parent under two years* primary performance trial at 
Kalyani agro-ellmate of Uest Bengal*

g£gaaiaUaft.„ftI.ttetfeUi *
Mature and more or less uniform vegetative slips of on an average 

15 cm length were collected from a one year and three and a half months 
old clump* The slips were trimmed of their roots and were cleaned of 
Old and dry leaf sheaths.

5 groups, oaoh consisting of IS *blblts*, were Irradiated with 
5 doses, 3 kE, 6 kR, 9 kR, 12 kB and 16 kR of X-rays (100 KV, 11 mk)* 
One set with 12 *blblts* was kept as control. Irradiation was done 
after 5 hours of preparation of ,biblts>*

Kraaifllanttag aafl. snUurai arasttsaa
Transplanting was done after 3 hours of irradiation on 19th 

June, 1981 In another subplot of the same experimental plot of tide 
earlier experiment (Section - I). Planting and cultural methods were 
seme as the earlier experiment* Harvesting was done in the first 
fortnight of February, 1982, at around 5 leaf stage of the control* 
The climatic conditions for the growing period are presented in 
Annexure-IX*

Recording of data on VMx
Counts for survival were taken at 16, 21 sod 30 days after 

transplanting. Final survival was recorded during harvest*



(within ya i S£), positive variant (exceeding /a * Si) and negative 
variant (below yu • SE) for each character on the basis of mean and 
standard error of the respective control* The positive variants for 
leaf lengthy leaf breadth and tiller number were isolated as 'promising 
clumps *• Positive variants for one or two of these three characters 
and all other variants were kept beyond the pervlew of the present 
investigation, negative variants for all the five characters were 
marked as 'subvitals** These were kept for further studies*

Data on leaf weight were taken on the promising clumps• The 
positive variants for leaf weight amongst the promising clumps were 
isolated as 'selected clumps'* Oil recovery from leaf was determined 
on some of the selected clumps taken randomly * Oil composition was 
evaluated by Gas-11quid chromatography (GLC) for some randomly taken 
selected clumps of three families, one from each of 3, 6 and 9 kR 
treatments* Gas-liquid chromatography (GJLC) of oil was carried out 
on a PTE SERIES 104 CHROMATOGRAPH (PTE UMICAM) using SS-30 (10*) 
fitted with stainless steel column, 2 m long and 2 am diameter said 
fitted with a FID detector* Mitrogen was used as the carrier gas 
with a flow rate of SO ml/min* Column temperature had been 100-200°C 
with an isothermal temperature at 100°C for 9 min, thereafter, pro­
grammed at 10°C/min increment rate upto 200°C* Injection port and 
detection temperatures were 200°C and 250°C respectively* Chart 
speed was 320 am/hr* The peaks were identified by comparison of their 
relative retention times and also by peak enrichment technique*

Range (R), mean (/u), standard error (SE) and coefficient of 
variation (CV) were estimated as usual*
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amlyaLUy Jteialta *
Table Ho* 4 shove the survivality of treated 'fatbits' in terms 

of emergence of aerial shoots from axillary buds* It is evident from 
the table that LD10o has appeared at 12 kR, while LD50 for survivality 
has been recorded at 3 kF. considering the records of survival at harvest 
The comparatively high percentage of survivalIty at 9 k'R vis-a-via at 
6 kK is not explainable*

TABLF HO, 4
SUKVIVAjuITX CF IHBADIAT2D ‘DIBITS»

DOSE XH KB
T—"—~
f IHITIAlJ
JPLAHTINGJ 14

DAT 1JL 21
DAT

nriJL 28
DAT T 35

DAT
i HAMI£1
1
1

TTof—
1 CONTROL

0 12 11 11 10 10 10 100
a 12 6 6 5 6 5 80
6 12 7 5 1 1 1 10
9 12 7 7 5 5 5 50
12 12 3 3 1 0 0 0
15 12 6 6 0 0 0 0

Decrease of survival of irradiated slips due to increase of doss 
of ionising radiations was reported by Choudhary and Saul (1980a) in 

fc. vlnterianua (X-ray), Kapoor and Datta (1967) in £. MBlUS. (gamma 
ray), Gupta (1976-*77) in £,* pend ulus (gamma ray) and by Choudhary 
«& (1976) in £. khaalanus. and £, tlmwm U-ray),



Choudhary and Kaul (19S0a) recorded LDgQ for survival to be 
8#6 kR X-rays for liafcafiUaM* *bey observed a gradual decrease
in survivallty with the increase of X-ray doses* The 60% survival 
at 9 kB in the present experiment may be regarded as to corroborate 
Choudhary and Haul's (1980a) observations* It appears that the drastic 
reduction of survival!ty, particularly due to 6 kB. treatment may be 
for causes other than treatment alone*

Stogg,,!,.In ,.as,£9,aattlfe, stoastarg,
Records on VH^ (Table «o* 5) Indicate that Irradiation has 

adversely affected leaf length, tiller length and leaf breadth at all 
the doses* Out of these three characters leaf length exhibits appre­
ciable decrease in mean values at all throe doses and tiller length 
shows such decrease at 3 kl. and 9 kH. Tiller number has oeen highly 
affected at 3 kR but it exhibits a slight increase at 9 kR and a 
spectacular increase due to 6 kB dose of irradiation* Irradiation has 
exhibited a positive effect on leaf number which shows a high increase 
at 6 kB and almost no change at 3 and 9 kB. In general, adverse 
effects are most at S kH followed by 9 kB and 6 kR In that order*
These reveal that the consequences of irradiation, either increase or 
decrease of mean values of the characters, do not have any direct 
relation with the increase in dose*

Chandra and Gupta (1975) reported the reduction la various 
quantitative characters due to gamma irradiation of the same species* 
Choudhary and Kaul (1980a) observed adverse effects of X-rays on plant 
height, leaf length, leaf width, tiller number and fresh herbage yield* 
They also found the mean values for plant height, leaf length and 
fresh herbage yield to be more in 7*5 kE than 5 kB* The mean values,
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however, decreased again at 10 kB dose* So, 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 £, wlnterianua* Present author is not 
aware of any information, except that in the erstwhile report, of 
morphological stimulation of agronomic character due to irradiation 
in this species* But in the closely related species, £* rmrd»*T 
Kapoor and Datta (1967) obtained increased mean number of tillers and 
mean length of third leaf due to irradiation of vegetative slips with 
gamma rays. The increase in those two characters was not exactly 
corresponding to the increase of exposure*

Gupta (1976**77) reported significant decrease of morphological 
characters with the increase of exposure to gamma irradiation of slips 
of £* oandulug * Choudhary $£ (1976) also reported the reduction
of plant height with the increase of dose of X-rays to vegetative slips
o* £.* tfeaalmai £• asadaUa and £. usssmam*

The results also indicate the Increase of variation, in terms of 
coefficient of variation, due to irradiation at 3 kR and 9 kR doses in 
all the characters except leaf number at 3 kB* However, increase of 
coefficient of variation for leaf breadth at 3 kH and for leaf number 
at 9 kK is low* The variation for 6 kR treatment, however, could net 
be computed because of recovery of only one clump after irradiation*

The estimates for range also indicate Increase in all eases 
except leaf breadth at 3 kit and leaf number at both 3 and 9 kH*

Except in these three cases, irradiation lias generally induced 
variation*



Tim increase of variation in the characters, particularly leaf 
length, leaf breadth and tiller number, indicates the ehanee of iso* 

lating some desirable clamps in the deehimerised population at VHg 

generation* Induction of variability with respect to plant height 

and fresh herbage yield per plant due to X-ray treatment of vegeta- 

tive slips of Q,* ttlflUElaavtg was reported by Choudhary and Kaul (1980 a) 

also*

OBSERVATION ON VHg SEHSHATIOK
l9r

From Table Bo* 6, it is of interest to note that one family 

from 3 kR dose, the only family from 6 k? dose and two families from 

9 kB treatment have exceeded the control with regard to the number of 

'Mbits•escaping the minimal cultivation followed at the nursery for 

screening of hardy genotypes* The survivality of the family of 6 kB 

is indeed spectacular* Those of tha two families of 9 kR are apprediab* 
ly high* However, the dose-wise averages of survival records for 3 kB 

and 9 kH are below the control* Similar results have been obtained 

during final planting and also during harvest barring the family of 

3 kH dose which Is below the control*

Considering final planting the survival at harvest Is equally 

high in the control and the YMg families except one from 3 kH which 

shows only 55*56% survivality compared to 96*45$ of the control* Two 
families of 3 kB, the only family of 6 kR and three families of 9 kH 

dose have exceeded the survival percentage of the control*

Omerrationa on agronomic character.
The aatiaatas of range* coefficient of variation* standard

error and mean of 11 YHg families and the respective controls ere
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shown la Annexure - III, The deviations of range, coefficient of 
variation and mean of the VM2 families are presented in Table Ko. 7,

The dose*vise averages on deviations of mean indicate very 
little change whether in positive or in negative direction. For 3 kR, 
all the five characters studied have registered negative shift* For 
6 IeR| leaf length, leaf breadth and tiller length show positive devla* 
tion, whereas tiller number and leaf number exhibit negative shift*
It should be mentioned here that the trend of deviation has been just 
opposite in the of 6 kH treatment* In ease 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 families of 3 kH (l-a. Fj, to Pg) are 
concerned, shift is negative in most of the eases* exhibits 
negative shift for all the characters except leaf number* However, 
deviation for all characters is low* A negative shift has been real!* 
sed for all the characters in P2 and Pg* But deviation for tiller 
number in P2 and leaf length, tiller number and tiller length in Pg 
is high* ?4 manifests high positive shift for tiller number, high 
negative shift for leaf length and leaf breadth and low negative dovla* 
tion for leaf number and tiller length* In Pg tiller number sed leaf 
number show negative shift and unique to this family leaf length, leaf 
breadth and tiller length exhibit positive shift* A positive shift 
of leaf length and leaf breadth explicitly proves this family to be 
promising* The estimates for leaf length, tiller length and tiller 
number are high*

In the progenies of 9 kH dose, in Pjj low positive shift has 
been observed for tiller number and leaf number while deviation has
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been low and negative for the rest of the characters* In Pg, all 
Characters except leaf number exhibit positive shift* Moreover, leaf 
length and tiller length show high magnitude* In P3, slight negative 
shift is found for all characters except tiller number which shows 
high positive deviation* Leaf length, leaf breadth and loaf number in 
P4 exhibit low negative change, tiller length shows low positive shift 
whereas tiller number has exhibited high positive deviation* In contrast 
to otiier families, 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 
leaf length, leaf breadth and tiller number positive shift of popular 
tion mean has been realised* It indicates bright changes of recovery 
of some positive variants for individual characters and also promise 
for isolating some beneficial variants with high yield when selected 
on the basis of leaf length, leaf breadth and tiller number* It, 
however, in any ease does not annul 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 kfi dose followed by 9 IcR* The 
3 kH dose exhibits comparatively low induced variation*

The dose-vise averages of range reveal increase universally*
So far as the range for individual families are concerned, increase



®*or control Is evident ta all eases except leaf breadth in P^f 
tiller imaher and tiller length la P2 and leaf breadth, tiller number 
and tiller length in P4 from 3 kR dose*

On the basis of dose-vise coefficient of variation increase of 
varlationt in general, is evident* The extent is also high in all 
oases except tiller number in 3 kR, leaf breadth in 6 kR and leaf 
number in S kR dose*

So far the individual families from 3 kH doss are concerned, 
increase of variation is high for leaf length, tiller number and 
tiller length in P^, leaf length and leaf number in Pg, all characters 
except leaf number in P3 and leaf breadth, leaf number and tiller 
length In Pg* In P4, increase is high for leaf length and leaf number] 
leaf breadth, tiller number and tiller length exhibit slight decrease 
of variation* In all the remaining caf es, slight increase has been 
found*

In regard to the families from 9 kR dose, high increase Is 
Observed for leaf breadth and tiller number in Pj., slight Increase 
is shown by tiller length and slight decrease is exhibited by leaf 
length and leaf number* In P2, loaf breadth shows slight increase, 
leaf number shows slight decrease and the other three characters 
exhibit high increase of variation* In Pg, high increase Is manifest 
ted by all characters except leaf number which shows slight decrease* 
In P4f tiller number shows slight decrease, leaf number shows slight 
increase and other three characters exhibit high increase* Pg shows 
high increase in all characters except leaf number which exhibits 
slight increase*
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FIG. 1 - INDUCED MORPHOLOGICAL VARIATION AND
A SELECTED CLUMP (INDICATED BY A SCALE) 
IN A VMg FAMILY (A PORTION)



Tim data also reveal that Us range exhibits high increase in 
all those eases where coefficient of variation has shown high increase 
Wring that for leaf length in Px and P4 from 3 kR dose* The indueed 
Morphological variations in the VMg families are also visually detee* 
table (Figs* 1 and 2)*

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

jjaiaUaiuaC.Awt
Considering the shift of value away from the mean of the reaped* 

tive control in the 11 VMg 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 families 
is due to the availability of surviving 'Mbits'* Survivallty of 
'bibits« derived from 6 kR has beam highest facilitating the turn over 
of 169 clumps in a single family*

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

The possibility of recovery of around 14^ of promising Mumps 
appears to be quite high, notwithstanding the fact that selection 
pressure was applied simultaneously for leaf length, leaf breadth
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and tiller number. It will not be out of place to mention here that 
the realisation of so many promising clumps has been possible through 
deohimerlsation in VMg generation, Tho clumps isolated in a family 
which has a little or no dechlmerlc effect might show only subtle 
difference amongst themselves*

Leaf weight has high positive correlation with oil yield from 
leaf due to its high indirect effect* Positive shift of leaf weight 
compared to mean of respective control has been observed in all the 
promising clumps of 3 kR and 6 kH treatments as well as In the ?g, 
and Pg families of 9 kR treatment. The one promising dump in of 
9 kH has not shown shift towards positive or negative direction, 
while one clump each out of the promising dumps in P$ of the same 
treatment has shown no deviation and shift towards negative direction* 
The dumps with normal or negative value are rejected. The highest 
per cent of dumps selected finally on the basis of leaf weight is 
from ?2 family of 8 kH, followed by Pg of 3 kH, P^ of 6 kE and Pg,
P4 and P3 of 9 kH in that decreasing order*

Table No* 9 shows that the shift of mean values of the families 
with selected olumps in positive direction is appreciable for almost 
all the characters* The mean value for leaf number has shifted nega* 
tively tout the shift is not high from the control except in case of 
Pg from 9 kH where 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 kit 
and 6 kR treatments, the oil recovery from leaf was lower than the 
respective controls. As such these two selections of 7*55$ and 
14*20£ dumps from 3 kR and 6 kH treatments respectively will not 
find immediate use as superior clones. However, the impressive



Increase in leaf weight might compensate oil yield per clump* Further 
information on the performance of these selections, particularly for 
the oil yield per hectare would identify their superiority*

TABLE HO* 8

CHAKOESOF MSAK VALUES OF SELECTED CLUMPS 
(IK % OF RESPECTIVE CONTROLS)

etawl i UU ' | m> 1 'I'm?.... MinMWWg
FROM I LEMQIH i BRStWHIHUilag: ITOBBR I LEBOTB I WSISHT iFROM LSAF
3 ItR P5 

6 kR ?x 
9 kB P2 

9 kR P3 

9 kB P4 

9 kR P6

♦15*9189 
♦22*8767 
♦24*5079 
♦15.5823 
♦ 3*9033 
♦15.2975

♦10*0977
♦11.2606
♦13*6673
♦16*4667
♦ 5*0071
♦ 8*9551

♦16*0221
♦33*5010
♦26*8136
♦94*9904
♦13*6232
♦15*9420

•7.5862
-0*0632
•4.1377
•1*4085
•0*4695

0

♦16.8719 
♦23.9558 
♦20.2819 
♦12*3495 
♦ 5*1969 
♦12,8892

♦76.8258
♦88.3456
♦80.0578
♦71.8776
♦62*6085
♦65*9818

♦ 4*6512(4) 
•21*600002)
♦ 2*920002)
♦ 9.1767(2) 
♦16*00000)

0 (3)

Figures in parenthesis are number of clumps tested for oil 
recovery from leaf*

The clumps of the families Pgt P3 and P4 of 9 kP hare shown 
increase in oil recovery 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 P6 of 9 kE treatment positively indicates 
an improvement. Further improvement for oil recovery through selection 
of clumps ‘from the upper boundary is possible*

It Is apparent that estimated oil yield in the selected clumps 
of the VMg families will be comparatively higher than the respective 
controls* It nay be recalled here that there are reports delineating 
Improvement of this species through chemical mutagenesis. The facts



I&4
emanating from such reports indicate stimulating effect of chemical 
mutagens. But the reports on the effect of ionising radiation in this 
species have not indicated any improvement of agro-economic characters 
observed in V% generation. Considering the fact that Java cltroneila 
Is a vegetetively propagated plant, the treated generation actually 
constitutes a heterogeneous population which includes the spectrum of 
somatic mutations produced In the vegetative buds of the *bibits*.
The partitioning of this heterogeneity in the VMg generation has 
actually helped in the identification and isolation of both promising 
and deleterious somatic mutations.

flU , af Mlastfid tiwa
It is clear from the previous discussion that clumps of the 

following families of different X-ray treatments are agronomieally 
superior for higher oil yield. The families are - (a) Pg of 3 kH 
treatment, which Includes 4 clumps, (b) of 6 kR treatment, which 
includes 24 clumps, Cc) Pg, Pg, P4 and Pg of 9 kB treatment including 
19, 2, 1 and 3 clamps respectively (Table Ho. 3).

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

components of oil slprsssed 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 citro- 
nellol has shown a 26$ gain over the control. The average performance 
of 9 clumps belonging to Pg of 9 kR also reveals the same trend. The 
6 clumps of P^ of 6 kR appears to be comparatively more promising for 
about 6$ and 27$ gain in citronellal and citronellol content respect!* 
vely though there has been a slight depression in geraniol content.

Considering the oil composition with respect to the three 
components in Individual clamps, olump-6 of 6 kH may be regarded to
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TABLE 116*10

CHANGES OF OIL COMPOSITION IN THE SELECTED CLOMPS 
(1H PERCENTAGES)

BmrSmim™ | CITHONELLAL { GITRONSLLOL | OBRAHIOL

0 kR (CONTROL) 27.32 7.52 30.87
3 kH P- 1. 26.16 (- 4.25) 9.61 (+27.79) 27.31 (-11.53)

2. 25.75 (- 5.75) 9.41 (+25.13) 32.05 (+ 3.82)
FAMILY AVERAGE 25.96 (- 4.98) 9.51 (+26.46) 29.68 (- 3.85)

0 kR (CONTROL) 26.81 8.83 27.42
6 kR P, t. 29.83 (+11.26) 10.23 (+15.86) 30.41 (+10,90)

2. 31.30 (+16.75) 12.11 (+37.15) 28.32 (+ 3.28)
5. 31.51 (+17.53) 11.69( +32.39) 26.54 (- 3.21)
4* 28.49 ( + 6.27) 9.83 (+11.33) 30.83 (+12.44)
5* 29.21 ( + 8.95) 12.15 (+37.60) 29.63 (+ 8.06)
6. 19.87 (-25.89) 11.44 (+29.56) 14.81 (-45.99)

FAMILY AVERAGE 28.37 ( + 5.82) 11.24 (+27.29) 26.76 (- 2.41)

0 kR (CONTROL) 24.56 8.64 31.73
9 kR P2 1. 24.99 (+1.75) 8.72 (+ 0.93) 27.29 (-13.99)

2. 24.51 (- 0.20) 10.89 (+26.04) 31.85 (+ 0.38)
5. 24.35 (- 0.86) 9.44 (+ 9.26) 28.30 (-10.81)
4* 25.69 ( + 4.60) 10.10 (+16.90) 29.65 (- 6.56)
5* 23.98 (- 2.36) 8.78 (+ 1.62) 29.71 (- 8.37)
6. 26.70 ( + 8.71) 10.67 (+23.50) 27.62 (-12.95)
7. 17.87 (-27.24) 15.92 (+84.26) 46.64 (+46.99)
8* 18.19 (-25.94) 9.88 (+14.35) 22.97 (-27.61)
9. 30.06 (+22.39) 12.37 (+43.17) 33.12 (+ 4.38)

FAMILY AVERAGE 24.04 (- 2.12) 10.75 (+24.42) 30.79 (- 2.96)

Figures in parenthesis indicate the deviations 
from the respective controls, expressed in 
percentage*
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b« a citronellol mutant with over 29% gain while the eltronellal 
and geranlol content have beon reduced to ribout 26% and 46$ respecti­
vely of the control* In casu of clump- 7 of 9 kH the total alcohol 
content (citronellol ♦ geranlol) has increased spectacularly, while 
the aldehyde content has been reduced 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 
biosynthetic pathways of the different components though eltronellal 
and geranlol show both increase and decrease from the control* The 
induced increase of citronellol under the circumstances probably 
indicates a possible relationship in the synthesis of the two alcohols* 
Clump-7 of 9 kH showing increase in content in both the alcohols with 
concomitant decrease in the aldehyde content might, in the similar way, 
indicate a competition In the biosynthetic pathways of the alcohols 
and the aldehyde. However, the trends of change in composition in other 
clumps may reveal that the relationship in biosynthesis of the three 
components may be more complex* Further work is necessary to evaluate 
the biochemical background of oil composition with a view to facili­
tating breeding to evolve quality genotypes* Maximum increase has 
been observed In ease 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 eltronellal and geranlol the 
deviations in content have been both positive and negative* Clump-7 
of 9 kH has the highest citronellol and geranlol content and the 
lowest eltronellal content* Clump-9 of the same treatment shows 
iaerease in content of eltronellal, citronellol and geranlol* Though 
the per cent gain of geranlol In this clump is not as high as the
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per cent gain obtained In Clump-4, 1 and 5 of 6 kF treatment, the 
concomitant gain in citroaellal and cltronellol content In the 
latter clumps are not as high as that In the former clump* As a 
matter of fact, these four dumps are superior In terms of oil 
quality with a new pattern for the three components because of the 
increase In cltronellol content. In contrast, Clump-6 of 6 kKf 
Clump-2 and 8 of 9 kR show loss in cltronellal and geraniol content 
and gain In cltronellol content only. Though the composition of oil 
in these clumps is not desirable, their superior agronomic qualities 
do not rule out the scope of utilizing these clumps for future 
breeding work*



of gjMteftiftgaa vinterianus Jowitt Cv. Java-II have been 
X-rayed at 3, 6f 9, 12 and IS kR. ^^100 aod LD5Q have appeared la 
12 kR and 3 kR treatments respectively. The effect of irradiation 
ia Manifested by increased variation of leaf length, leaf breadth, 
tiller number, leaf number and tiller length. Their mean valuesin 
VHj, generation mostly exhibit negative shift from those of the eontrol*T) 
Initial screening of clumps for hardiness has been done in the VMg 
families. The net outcome is five families each from 3 and 9 kR 
treatments, which have shown 50# survivallty and the one family from 
6 kK treatment which has led to only 10# survivallty at VM^ generation.

Mean values for the five agronomic characters exhibit positive 
or negative shift away from the control and the range and coefficient 
of variation has increased, in general in the VMg generation/) The 
clumps of the VMg families have been categorised into normal types as 
well as positive or negative variants from comparison with the respec­
tive controls for individual characters. On the basis of simultaneous 
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 kB X-ray treatments. The elite eluips are finally isolated from 
the primary selection on the basis of leaf weight. Only three promising 
clumps have been rejected from 9 kR treatment for the leaf weight being 
comparable or less than the control. The isolates from each VMg family 
indicate consistent increase over the respective controls for leaf 
length, leaf breadth, tiller number, tiller length and leaf weight*
There is possibility of further selection from the VMg generation on 
the basis of one or two of the three characters, gift*, leaf length* 
leaf breadth and tiller number* The selected clumps do exhibit either
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inertaii or decrease of oil recovery per cent from the leaf, and 
mostly a negative shift for leaf number.

rX-ray treatment has modified the oil composition of some of the 
selected clumps. Increase of oltroneliol and cltronellal in compari­
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 
eitronellol and Increase of 1,75£ to as high as 23,39$ over the control 
for cltronellal, j Geraniol content also has exhibited an increase of 
0,38$ to 46,90$ as compared to control, X-lrradlation has led to 
amelioration of oil quality in terms of one, two or all the three 
components.

Systematic screening of the effect of irradiation on the axillary 
buds of ‘blbits * has facilitated the recognition of the expanded varia­
tion, The upper and lower 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 screening of clumps has exposed 
the possibility of further Isolation for improvement of oil yield* 
Notwithstanding the decrease in oil recovery per cent, selection on 
the basis of leaf weight subsequent to the three basic criteria, 
leaf length, leaf breadth and tiller number, has facilitated the iden­
tification of elite clumps. The expanded range of variation has helped 
in the realization of such dumps.

Finally, the G1C analysis of oil composition has also revealed 
recognizable modifications. Most of the selected elite clumps show 
high eitronellol content. Soma like the dump-6 of 6 kB treatment 
has enriched eitronellol content, The selected clumps can be suitably



00
classified for enrichment in their alcoholic components in the oil 
and may be earmarked for diverse utilization in the industries^ The 

increase in aldehyde content of oil in clump-3 of 6 kB treatment is 
also not insignificant. Increase of geraniol content and eltronellol 
content by 46*99£ and 34.26^ respectively over the control in clump*? 
of 9 kB is quite appreciable* Clump*!, 4, 5 of 6 kF (Pj.) and clump-9 
of kF (Pg) have exhibited appreciable increase of all the three 
components* Cltronellal and geraniol rich citronclla oil is favoured 
by the Industry as a starting material* Induced somatic mutation has 
helped in the diversification of types on the basis or oil quality*
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Irradiation of dibits* has produced vide range of variation, 

particularly in the three agronomic character vis.- leaf 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 weight has yielded a number of promising 
clumps showing Improvement in oil yielding ability and oil quality*
The spectrum of somatic modifications induced Indicates adequate scop# 
of further selection of clumps on the basis of Individual criterion* 
Systematic selection from the upper boundary of modifications may give 
rise to specific agronomic types suitable for diverse agro*eoologleal 
situations. Farther work is, therefore, necessary to evaluate the 
efficiency of specific agro-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*ellmates where Java citronolla Is reported to flower and to set 
viable seeds regularly. The Induced variations coupled with the 
residual heterosygoslty 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 
clumps under minimal cultivation. Testing of the clumps In the dry 
laterlte *one and isolation, If possible, of a we11-adopted clone for 
that sone would go a long way to establish this crop in the current 
fallow end marginal land*

hast, but not the least is the Important spectrum of variation 
In oil composition shown by the selected clumps. This provides a new 
horlson for mutagenesis of Java eltroaella with a view to evolving 
quality genotypes*
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SOII. CHARACTERISTICS OF THE 
EXPERIMENTAL PLOT

sell texture
Sand
Silt
Clay

nutritional status of soil
Organic carton 
Total nitrogen 
Available P 
Available K

Soil reaction

Sandy loan
62%
19%
19%

0.65%
0.06%
20 kg/ha 
90 kg/ha
pH 7.2 (neutral)

CLIMATIC FACTORS SORING THE GROWING 
PERIOD FOR EXPERIMENT - 1

MONTHS
(1980)

.
i •rails (®c) i TOTAL

RAINFALL
(Cm)

i
i

AVERAGE RELATIVE 
HUMIDITY C£)

I MAXIMUM MINIMUM i1 i
| MAXIMUM MINIMUM

March 34*44 19.69 2.41 81.39 48.45
April 40.06 25.87 1.27 70.15 41.75
May 37.45 25.68 14.45 79.70 51.38
June 34.25 26,25 24.16 87.43 72.97
July 33 *67 26.43 21*36 88.11 75.77
August 33.75 26.39 38 .33 88.82 71.67
September 34.00 26.96 9.30 94,65 69.66
October 33.44 23.05 6*23 84.40 62.20



AKHSXU8B • II

CLIMATIC FACTORS DURING TEE GROWING 
PERIOD FOR EXPERIMENT • II

MONTHS
.l..jwmrmwmz.i___-TUBS t.?Cl______ 1 TOTAL

It? A TtiTtPAT T
T.wm^rmmn—I HUMIDITY (g)_______

\ *™M MINIMUM
l nUfifAMi
} (Cm) I MAXIMUM MINIMUM

June, 1981 37*36 27*33 2*18 86*97 68.68
July, " 33*68 25*13 21*91 88*03 69*87
August, • 31*00 26*92 12*69 88*74 69*71
September," 34*40 24*35 10*66 89*90 66*43
October, • 31*74 22*08 0 89*29 63*71
November, " 32*88 16*65 0 87*33 54*13
December, M 26*19 11*31 8*69 79.61 62,77
January, 1982 28*66 11*79 0 88*16 53*20
February, " 30*09 11*42 15*82 86,13 51*32
March, ♦* 34*76 20*58 3*22 89*16 54*68
April, • 36*43 23*63 6*19 86*83 41*70
May, * 39*54 26*70 2.74 77.41 44*75
June, " 37*93 26*86 9*60 82*29 67*74
July, • 31*17 27*41 10*28 88*36 59*93
August, " 32*40 26*19 14*84 90*14 71.77



O
B

SE
R

V
A

TI
O

N
S O

B
 YM

g P
A

JO
ilE

S A
N

D
 TH

EI
R

 RE
SP

EC
TI

V
E C

O
N

TR
O

LS

(▼11)

Co
ul
d

5. ««s
gHB“S

iiipi
a©«5cvi&* • * • •
SHf:®§ U-B®8

taTO
**%■

i
(H55Ouw
PC5
o

mu
O ©WHO • • • • f cao^roH

*■%
•4O

oow
(XM
O

toocsoio
6§aa3
• T» • • •coocooco

8
H
Oow
%
o

to tor-cocoitsst
ooawco* • • • •co o too w

>o
<ot£e*«^

H $*$*<* 

8S8S8 
SH s1® §
Ima
♦ • ^ i •
SHS'*S

68888

* • • * •or-to oo to

PC
gHg«5S
MM*
• * • f •
Sr'?'*8

OIMM iODBii

88888 • • • • •SHntOA
Utti

• • • • •
8Ht*8

HSH
• • • • •

SH8®8

pill
8HVs

olio!

1 « *1 •
s^s

wCO
WOWON coowow • • • • •C0OC3OP0

>o
tx
M
to

iiisi
a>TOr-MO co­ca|5|||
S'^P

J?

a
n mm

ml
•H8*U

«cc
a
eo

®H Wf-tn opcncjog|gg«
• • • • •
338*3

88888 
« « • * •

• • • • •
PC

MM tO« MM io» n%

C
H

A
R

A
C

TE
R

S

- ?^ fi 8s 6 v#O wv h AsSIsl

Ifi fl|jf4 
® m ,. s .

11313
»4»4fHi«4E4

*-% 6 
~g o85 “

aPa |( tofill g

)SH

a s ~Ov>“gfe 1

1131344K4H



A
sm

sx
w

m
 -
 X
II
 (
Co
nt
d.
)

os
&

m
A

tio
as

 on
 ?
% 

fa
mi
li
es
 a
i.
d 
th
ei
b 
rb
sp
sc
ti
vb
 o
om
ao
LS

IvUl)

C
oa

ts

»
g4S*

w
4S i4i

g

•toi •
8

•H 8
•ID •
s

g
<r*
1
S*u*
i
O

19
1
o 100 o

(3
Si
4

»4B#.*w*
at

8w

O

»0J o

8
g•(ft «o ••w

*a
3
Itoo

S
o

10

4O 4 ♦O •(9

B s
3

1
to 8
l

4
C4•(ft

§

9
w
4

rl•m
\
3
4
u

s
8•(0

to
8«
4 n ♦

CD
•

9
U
4

rl•C*

4

«r; 8
4
i

$
4
♦
H

3
4
1
•*

3
4Q

i

3
3
4
3

8
4

k
rl

%to
4
4

i
4
8

MIM

3
JE
4
e

*
H
4
•

rl

3 
8
4 
«

8

8
4
4
•*

8•
rl

S
4
8

s
•H
1

(ft•
00

•<9* •
to

85f
348 4

8•

•H

• ♦
rl

r$

*
8

s
»(0i

9«
rl

mca
<9 o

H•O

®

4
Si*
ri

(0
1
o •*

1
«o

1

o

8
3
O

I
•

rl
•o

5
«?
£
P3 3

H

4 94

s
*•
00

toft*
s
(9

QJ

3 (ft 8
H(0•(ft

3•(ft

0*
S
to

HI

s
•(ft °.8

$
4

O«
3

(W

MMMMN

?

1
%
rl

4
4

8.
1

3

8
4
4

9•

i
at mm

?

8*

s
4
4
•

rl

8.
|

9
4
4
4

8
3

i
at Mi

1
*
0)

•
rl

8
1

9

9
4

4

9
S

£w

33S
<4
*<*4«A

1%*

HI

l
*4

***

8**#

1
i

1

1

1

3

1

4

4

<-%
1w

% 8

1

1
w

a
ip
o
rl

H

p

1w

HI

3

#■%
8

Id
&

3

1

1

1

1
*■#

if
r4

1
4
IS



**
* \%

tv
av

am
s

<u>

C
on

td
,

65
*5

86
0

1*
69

50
64

*8
78

0
5*

32
90

93
*7

38
7

1*
43

65
0*

03
55

3*
88

88
0*

15
00

1.
71

28

6*
15

10
5*

92
99

16
*9

54
5

8*
44

32
5*

16
81

60
*3

3-
72

*8
6 

1*
58

—
 1*

89
 

54
.0

0-
.S

4.
C

0 
4*

70
* 6

*0
0 

88
.5

X
-1

08
.2

7

63
*0

96
5

1*
59

53
73

*6
46

2
5*

03
98

92
.6

21
9

1*
10

45
0*

02
00

£.
74

60
0*

05
26

1*
23

79

13
.9

14
5

10
*1

04
7

30
*0

61
4

8*
43

X
0

10
.7

92
1

37
.2

2.
79

.6
4 

1.
20

. 2
*1

4 
31

.0
0-

13
8.

00
 

4.
00

- 6
*6

0 
69

.X
4-

11
0.

93

X
aa

f le
ng

th
 Ca

a)
 

le
af

 br
ea

dt
h (

oa
) 

Si
lle

r a
aa

ba
r 

le
af

 aa
ah

ar
 

fil
le

r l
en

gt
h t

ea
l

0 f
c!
* (C

O
H

T'
O

X
)

♦4 a* 6
TI

65
.2

08
7

1.
66

87
74

*0
00

0
5*

37
60

94
*2

05
0

1*
94

13
0*

04
49

4*
97

14
0.

16
66

1.
52

12

55
.6

8-
71

.1
6 

8*
42

03
1*

46
- 1

.8
6 

7*
60

47
51

*0
0-

97
.0

0 19*
00

15
 

5*
00

- 6
*4

0 
8*

78
84

88
*1

8-
10

0.
34

 4*5
67

4

1*
26

77
 73*4

27
3 

0*
02

15
 1*787

1 
3*

17
78

 76*9
45

5 
0*

05
41

 5*081
8 

1.
46

33
 20

5*
29

12

12
*3

04
0

9*
03

74
30

.3
67

2
7.

89
09

10
*3

06
7

48
*3

6-
93

*4
2 

1,
45

- 2
*1

2 
£2

*0
0-

14
4.

00
 

4*
40

- 6
,0

0 
64

*2
8-

12
5*

18

t----
---

---
---

---
---

---
---

---
---

---
---

le
af

 la
ef

b (
ca

i 
le

af
 br

ea
dt

h (
ea

) 
fil

le
r a

w
be

r 
l4

N
kf

 wq
^f

T 
fil

le
r l

en
gt

h (
ea

)

(fouifiao) 
ti* 0

I

T
a

31 6
T

00S9*9861
*2

13
7

1*
64

62
60

*7
50

0

9*
63

22
 2*08

46
 

6*
54

23
 0*03

81
 

16
*8

96
1 3*6

29
0 

6*
42

84
 0*1

20
2 

6*
49

60
 1*98

91

54
*0

6-
69

.9
3 

1.
58

- 1
*7

8 
47

*0
0-

76
*0

0 
4.

70
- 6

.7
0 

79
*2

3-
96

.3
8

56
*3

47
8

1*
56

88
62

,4
70

6
5*

36
47

S.
G

46
6

1*
29

86
0*

03
60

3*
81

67
0.

07
58

1*
54

06

9*
16

23
9*

45
67

25
*1

90
4

5*
78

04
7.

<

45
*4

8-
67

.4
3 

1*
33

- 1*
79

 
34

.0
0-

10
0,

00
 

4*
70

- 5
.9

0 
65

.7
8-

91
*5

4

le
af

 le
ng

th
 Ca

a}
 

le
af

 br
ea

dt
h (

«a
) 

Ti
lle

r a
aa

ha
r 

le
af

 nu
m

be
r 

Ti
lle

r le
ng

th
 Ca

a)

(70.X
S03) m 0

s
9 m

 *x

A
D

7* i*
ss

a
d

T

3C
SZ

TO
 CO

U
TO

X
S

rtr
'&

n
A

im
 si

is
r

FA
ill

ltl
E

S
oa

s o
ii



AH
IJ
BX
UH
B 
- 
II
I 
(C
oa
td
.)

OB
SE
RV
AT
IO
NS
 O
H 
VM
g 
FA
MI
LI
ES
 A
HD
 T
HB
IR
 R
ES
PE
CT
IV
E 
CO
NT
RO
LS

M

<

U

«
8S

1

•
H

a

i «
to

04

•
O)
t> 65

.7
95

0

to•
H

8
£
•

R
j

to
•

Wa>

B i

e
oow
S
o

3
CJlID*
H

i

•
O

K
«
•

i§

H•
O

1

to«
H

5?o
££«
g
s
w

£

o

8
8
•

ca

£

8
o

8
to
«
4

1
3
•

o

H

H

►
O

I

H•
00

*
H
i

N

1

Ok

R

8
8

•
00

so•
to

8
to
00

«
Ok

1
to
03
•

<0

8
03

a

d
3

IS

«5
$
04
•

IX

8

8
i
•

$

8
*

H

i
•

H

8

«5

•
g

8
to
£
•

8•
10
00
i
•C5

IS
io>.ioi

8•CO
s

8*

R•
H
•
•

H

8
£

8
•«to

8
to#

1
8
4

®IS
00m
i

i

K

tO
Ok
£
8 H

00
3

*

w
00HCQ•«3 H

00

m
H
8
£

8
«
rt

g
R
8

3
8

»
to

8to10*
8

mVi
00
$
•t*l

8
o•
o

8
is•
Cm’

•
o

8
8
•

HI

to

*
H

O«
o

8
S
•co

ft

*
o

8
8
•

H

u

0?

s
o»

«caH

SI
00*
3

CoOCi
8

Ok

•Ok

04

•O

10a.
KM
OS

•CMH

i•c*
is
•

c$

00o«
a

•
3

R•
£

4

So
*

H

8•
H

8
i

8
i

8
•

to

i•

8
r?
0k
4
s

»m* Ml

rim«
to
00

s

Oks*•
H

A
•

H

8*

8
•

S

o
H•
to

i

4

toa
3

•a»
to

«
12
SI
3o

?

H

1

i
V*
5
i

%

$
d
0

s

r4
a
r4M*4W 1

gW

H

h9

1
w
JE349
1
©
■S

•HI

S

a
Is
3
c*

*
©*4

1
w
JB

#
HI

St
r*
d
£•4



M.c J? i Expectation
I of M.C.P.

2 2
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V » Phenotypic variance 2
V P12 • Phenotypic covariance

il% (irritability In broad sense percentage « — jpS x 100
Vp
2

OCV (Genotypic coefficient of variation) • Tg^l x 100
„ X
X^ * Mean of variable 1

0A (Genetic advance) • 1 X Hj£ X VP,,4»#
1 * Standarised selection differentialt 2#06 for selection 

of 5% population

GAi6 of Mean * (GA/Tp X 100

gpfeomic. Gbaeimc ams satiaoMuaiiAi. correlatioh

rp (Phenotypic correlation) » 

rg (Genotypic correlation ) * 

r# (Environmental correlation)

ri>12/ \/v-pu x VPgg

TSl8/ vC-|ux ^
7e / Fz 7 i 

12/V Veu X

.Mjamjami
imp,,
r16 « P16 4 *12 P26 4 *13 P36 * *14 P46 4 *16 P56

*26 K *12 pl« 4 P26 4 *23 P36 4*24 P46 4 *26 P56

*36 St *13 p16 ♦ *23 P26 4 P36 4 *34 P46 4 *36 P56

Taa * *14 *16 ♦ *24 P26 4 *34 P36 4 P46 4 *46 p66

*66 m *16 PX6 4- *86 P26 4 *36 P36 4 *46 P46 4 P66

revalues are phenotypic correlation values for each pair of 

variables, P-vaiues are direct path values of the 6 independent 

variables on the dependent variable*

PR€ (residual effect) * 1 - (P^g rjg) - (P26 *26> * <p36 *3S> 

- <p46 *45> * (PB6 *86*



AMSXUHE - V

RESULTS OP ANALYSIS OF VARIANCE POR

j MKAE SUM OF SQUARES
jEertlcationsi Cultivars i Error

Oil yield from herb 6,0204 49,4668 4,5706
Oil yield from leaf 5,2301 31,1176 2,9204
Oil yield from stem 0,1308 2,8075 0,2088
Oil recovery from herb 0,0006 0,0241 0,0019
Oil recovery from leaf 0,0042 0,0733 0,0067
Oil recovery from stem 0,0008 0,0014 0,0006
Herb weight 260023,7 799675,0 134727,9
Leaf weight 91676,96 197487,8 28243,97
Stem weight 67907*96 379279,7 44963,97
Tiller number 1233,640 4972,872 529,1962
Leaf number 0,0667 0,6194 0,1537
Tiller length 72,2666 996,7499 21,0647
Leaf length 6,6663 725,2186 24,8126
Leaf breadth 0,0176 1,1618 0,0037
Stem length 9,3896 0,6762 2,2402
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