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INTRODUCTION

Ginger, iﬁngiier officinale Rose,, is an
imﬁortant spice belonging té the family Zingiberaceae,
The dried undérground rhizome of this spice has chara-
cteristic aroma, flavour and pungency and it 1s used

mainly as a spice and medicine since 5000 B.C.

In Indla, its cultivation is distributed in the
tropical and sub tropicai reglons, Besides Keralaj
Meghalaya, Uttar Pradesh, West Bengal, Himachal Pradesh,
‘ Andra Pradesh and Assam are the other states cultivating

ginger in India.

India exports ginger mostly as dry ginger.
Ginger oil and oleoresin are glso exported to a lesser

éxtent.

i)

The major drawbacks of Indian ginger are its high
fibre content, high cost of production and susceptibility
to.various diseases (Pruﬁhi, 1976 3 Venkataraman, 1980).
Hence, development of high yielding varieties pogsessing
low fibra content, high volatile oll agnd oleoresin assumes
importance from the polnt of view of export.

In spite of the fact that ginger is an important
spice crop, research work done in this crop is rather limited.
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Presently, crop improvement programme in ginger
is mainly oriented towards collection of cultivars from
different regions and evaluating them for their yield
potential. Evolution of new varieties through hybridisation
has not been successful so far because of the shy flowering

nature of the plant and total absence of seed sef.

In vegetafively propagated crops, ionising
radiations play a significant role in inducing variatioﬁs
and for thisjnzjgma irradigtion is widely used., The effect
of gamma ray, in general, depends on the radio sensitivity
of the specles and in particular, on the plant part and
the stage of development of the plants. Radio-sensitivity
of a plant species is again assoclated with their nuclear
volume, number of chromosomes and ploidy level. Further,
the climate and other environmental conditions before
and afber the treatment of the plant parts also influence
the radio sensitivity of a plant species. Within a plant
species, the effects of gamma irradiation vary with the

dosage used, Generally, a higher dosage induces mutagenic

changes whereas lower dosage causes stimulatory effects.

Stimulatory effects of lower dose of gamma
irradiation, which can be exploited commercially, has been
reported in certain crops such as gladiolus, costus and

mentha., But not much work in thils line has been done in
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ginger so far, Betfer rhizome growth and consequent
_increase in yield, and attainment of improved quality
attributes such as high oleoresin,.oil and dry ginger
recovery are of significance in ginger both from economic
-and commercial points of view. Besides, induction of
disease resisfance is anothgr aspect worthy of investi-
gation. If profuse flowering in ginger that too ensuring
good éeed-set, high yield, dry ginger recovery and
‘better oil production could be achieved, it will be a
break-through in the ginger improvement érogramme.

With the aforesaid objectives, investigation was
undertaken in ginger, at the College of Horticulture,
Vellanikkara during 1983-8+ to standardise the safe dose
‘of gammg irradiation and to assess any stiml atory and/or
mutagenic effects caused due to gamma irradiation on the
vegetative and floral characters, rhizome yleld and
quality attributes and the incidence of soft rol disease,
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REVIEW OF LITERAIURE

The morphology, flowering behaviour, yieid and
qpality attributes of ginger have been reported by several
workers., Literature is also avallable on the effects
caused by low doses of gamma irradiation on other vegeta-
tively propagated crops and related species of ginger.

The work doﬁe so far on the above aspec#s is briefly reviewed.

2:1. Morphology

Ginger is an erect growing herbaceous peremnisl,
attaining an average height of 50 to 75 cm and producing
an average of 16 to 25 tillers (Nybe, 1978). Pillal (1973)
found that the plant helght and tlller production varied
significantly in different cultivars and these characters
could be correlated with the yield of rhizomes. Further,
;eaf prbduction pér plant signifiéant;y differed in
d;fferent types. On an average, ginger plant produced
16 to 20 leaves in.each tiller, with an average leaf size
of 18 x 2 em. 'The yleld was found mostly influenced by the
leaf area rather than the leaf numbers (Nybe, 1978).
Thomas and Kennan (1969) reported that Rio-de-Janeiro’
variety of ginger was a vigorous growing type possessing

large and well formed rhizomes.



2.2. Flowering and floral biology

In ginger, flowering rarely occurs and the same
is highly influenced by the enviromment, Hooker (189%4)
described ginger as a species rarely flowering and never
setting seed. Out of 35 cultivars of ginger maintained in
the germplasm collection at the Central Plantation Crops
Research Institute, Kasaragod, on1§ sizx have so far flowered
(Pillal et al., 1978). Nybe (1978) studied the flowering
behaviour of some of the ginger cultivars under Vellanikkara
conditions and obéerved flowering in 17 cultivars. They
were Valluvanad (6.57%), Vengara (2.49%), Ernad Chernad
(%, 9%%%), Ernad Manjeri (1.11%). Wynad local (11.71%),
Wynsd Kunnamangalam (1.60%), Bajpal (7.43%), Karakal (6.03%),
Thaiwan (0.53%), Tafingiva (0.63%), Sierra Leone (2.92%),
Meran (1.19%), Rio-de-Janeiro (10.14%), Wynad Manentody
(6.06%)‘, Kuruppempady (5.30%), Jorhat (8.15%) and Assam
(10.94%)., Flowering vwas not observed in the cultivars such
&8s Thodupuzha, Thingpurl and Himachal Pradesh. The shy
flowering behaviour of gihger has also been reported by
Nair et al. (1980). According to Ratnambel and Nair (1982),
flowers were not produced in the majority of the Indian

cultivars,

In the type collection of ginger maintained at the
Regiongl Station, National Bureau of Plant Genetic
Resburces, Vellanikkara, flowering was observed only in



one accesslon introduced from North Kersla, that too when

it was grown under shaded situation. It falled to produce
any flower under open condition. When 13+ types collected
from South Kerala were planted 1n partially shaded situation,
only 50 collections flowered (Velayudhen et al., 1983).
According to them, North Indian conditions are more congeniel
to cause flowering in ginger. Usha (198+) observed flowering
only in two cultivafers (Rio-de-Janeiro and Maran) in a
collection of 25 cultivars maintained at the College of Horti-
culture, Vellanikkara. L

Inflorescence in ginger is a scape, produced on a
speclal scale leaf bearing shoot arising from the rhizome.
Production of terminal inflorescence has been reported by
Jayachandran et al. (1979) in the cultivar Rio-de~Janeiro.
Velayudhaﬁ et 2l. (1983) found terminal inflorescence
production in accession Nos., 11, 47 and 114, Similar obser-
vations have been recorded in cardamom aglso (Parameswar and

Siddappaji, 1973).

1Y

Floral biology of ginger has been studied by many
workers like Nybe (1978), Pillal et al. (1978) and
Jayachandran éﬁ'g;. (1979). The inflorescence is a scape
possessing prominent green bracts. One flower is produced
in the axil of each bract, with a bracteole as long as the
bract. Flowers are small, zygomorphic, bisexual, epigynous
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and trimerous (Nybe, 1978). Calyx 1s tubular with three
prpjections at the top. Corolla consists of three petals
which unite to form a corolla tube at the baée and
separates at the top into three lobes. Androecioum con-
sists of six stamens, of which five are modified into
staminodes, They are arranged in two whorls of three.each.
The posterior one in the inner whorl is the only fertile
stamen vhile the other two unite to form the conspicuous
labellum possessing deep red colour. Anther is prolonged
into s slender beak like appendage, which covers the fumnel
shaped stigma. Style is filiform and lies in a channel
along the fertile stamen. Ovary is inferior, tricarpellary
and syncarpous with thfee locules, each having many ovules
in axile placentation (Purseglove gﬁ.gl.,.1981, Anonymous,
1980).

In ginger, the flower opening occurs in acropetal
guccession.and the blooming pattern 1s at the rate of a |
singlé flower per day in the initiasl phase and two or three
flowers per day in the latter phases.

" Pillal et al. (1978) reported that anthesis in
ginger was bgtween 1.30 to 3.30 PM, and anther‘dehiscence
synchronised with flower opening. étigmé attained recepti-~
vity at the time of flower opening and continued to be
receptive upto five hours after flower obening (Jayachandran
et al., 1979).



2.3, Seed-set

Seed-set 1s not reported in ginger so far and many.
reasons have been attributed for the failure of seed-set.
Ginger was considered as 8Self incompatible species by East
(1940) and Fryxell (1957); Jayachandran and Vijayagopal
(1979) hdave also suggested self incompatibility as one of the
reasons for the fallure of seed-set in ginger.

Low pollen fertility and poor pollen germination
have been quoted as reasons for the poor seed~set in ginger,
Pillai et gl. (1978) ohserved pollen fertility to a tunme of
37 per cent in ginger. Ratnambal (1979) has reported the
pollen fértility status of three spe?ies of Zingiber namely
Zingiber officinale (8.6 to 45.6 per'cent),‘g. zerumbat
(95.3%) and Z. cassumunar (91%). Usha (198+) found only
pollen fertility to a tune of 16 per cent in cv. Rio-de-

Janeiro under Vellanikkara conditions,

The pollen grains of ginger are heteromorphilc and

round in shgpe with a very thick exine acting as a barrier

for successful pollen germination (Pillal et al., 1978).

The pollen grains fail to germinate under ordinary conditions.
Nair et al. (1975) obtained 1.6 per cent polleh germination

in a medig eontaining 15 pér cent suecrose, 300 ﬁpm calcium
nitrate; 200 ppm potassium nitrate, 100 ppm boric acid,

100 ppm magnesium nitrate and one per cent agar. Pillail et sal.
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(1978) reported that addition of boric acid was helpful
o cause breskage of the exine and thereby to achieve
better g;rmination of pollen grains. ¢, They observed 11.5
per cent pollen germination in a media containing eight
per cent sucrose, three per cent éelatin and 60 ppm boric

acid kept in a moilst chamber at a temperature of 26.5°¢C.

Ratnambal and Pillai (1981) studled the ovule
development and found that the development of the embryosac
upfo the tetrad stage was normal. But, the'mature embryosacs
vere devoid of any nucleli. So, they suggested that -
abortlon of nuclell vock place after the tetrad stage making
the fertilization impossible. '

Darlington and Jenakl Ammal (1945) observed the
presence of fwo B chromosomes in ginger which led tb unequal
distribution of chromosomes, thus masking the plant sterile.
Ramachandran (1969) reported structural hybridity in .
ginger and suggested chromosonal aberration as the reason
for the lack of geed-set. Ratnambal (1979) has also
postulated that sterility in ginger was due to‘the chromosonal
aberration during ?1cro.and mega sporogenesis. Her stuéy
revealed that, during meosls, multivalents were formed
instead of bivalents in almost all the cultivars of ginger.
'so, in the pollen mother cell, there was an unequal distri-

bution of chromosomes. Hence, mlcrospores with deficient



or duplicate chromatin segments were produced., These
microspores developed into unbalanced gamets and they were
sterile leading to high pollen sterility., The formation
‘of univalents due to early separation of bivalents, unequal
breakages of the chromatin bridges and structurazl hybridity
were also reported to be causes for sterility in ginger.

éah. Rhizome yleld

. - Knan (1959) reported cv. Burdwan as the maximum
yielder p;oducing thirteen times the quantity of seed used
and cv. Rio-de-Janeiro as the best for the size of the
rhizomes. According to Kannan and Nair (1965), the yield
was 25 to 30 tons green ginger per hecﬁare in the case of
Rio-de~Janeiro and 18 to 20 tons per héctare in the case of
China. Nair (1969) reported based on an Experiment
ponducted at Aﬁbalavayal that the type Maran gave an
‘equally good yleld as that of Rio-de-=Janeiro. Thomas and
Kennan (1969), Muralidharan (1972) and Nair (1975) have
also found that the type Rlo-de-Janelro was significantly
superior in respect of yleld over the other types. In
general, the yleld of green ginger was 12000 to 23000 kg
per hectare (Sankaranaraysna, 197%). Pillal and Nambiar
(1976) have accounted the yiéld of Maran cultivar as

9.73 kg/3u°. Nybe et zl. (1980) observed an average yleld
of 25210 kg green ginger pér hectare in the cultivar Maran
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and 17656 kg green ginger per hectare in the cultivar
- .Rio-de~Janeiro vhen harvested on the 255th day after .
planting.

2. 50 anl it! GValugbiOh

It has been reported that the drying percentage
of Rio-de~Jdaneiro as 16 to 18 and fhe fibre content as 5.19
per cent (Kannan and Nair, 1965). Alyadurai (1966) found
that the recovery of dry ginger was low in the casé of ]
Chiqa.and Rio-dé-aneiro. Nair (1969) placed Maran as a
superior cultivar based on a higﬁer recovery of dry ginger
from green ginger,

The rhizomes of Zingiber elatum (wild gingér)
contain 0.59 per cent essential oll on fresh welght basis.
In Zingiber chrysanthum, the essential oil content 1is |
0.17 per cent. Gulati (1969) and Krishnamurthy et al. (1970)

reported that the peelings of ginger contained some amount
of oil. The flavour quality of the oil obtailned from

green ginger was much superior than that obtained from

dry ginger. They could get high oil content in Manantody
and Mysore types (2.7%). According to Nair and Varma (1970),
the optimum time for harvest of ginger was found to be

260 days after planting, 'A steady increase in the percentage
of volatile oil occurred upto 260 days after planting.
Further delay in the harvest caused reduction in the
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bercgntage of oil but the fibre content increased.
Natarajan et al. (1970) found that the volatile oil content
in different cultivars variled from 1.25 to 2,81 per cent.
They have stressed the importance for ev01ving and popula-
rising proper varieties of ginger for specialised product
development. Muralicdharan (1972) has rated Rio-de-Janeiro
as a variety yielding lowest recovery of dry ginger, In &
study conducted to compare the recovery of the essential
oll and oleoresin from green and dry gingers, Govindarajan
(j972) found,that the concentrates from’ green ginger were
supefior in odour. His work also showed that higher
eifral 'ywas a characteristic of green ginger odour and
careful handling to preserve this component would lead to thg
production of a superior oil or oleoresin. Lewls et al.
(1972 a) considered Jamalcan ginger valuable because of
its fine lemon-like odour. Indian ginger popularly known
as cochin ginger was placed only next to Jamalcan ginger
in this regard. However, Indian ginger was considered
superior to African ginger. In ginger, most of the consti-
tuents like volatile oil, acetone extracts and crude fibre
content increased with maturity'of the crop during the
period September to December (Natarajan gt al., 1972).
Lewis gt al. (1972 b) have récorde the essentlal oil
content of COéhin, Sierra Leone and Jamalcan gingers as

2,2 per cent, 1.6 pey cent and 2.5 per cent respectively.



Mathai (1972) }eported that the type Rio-de-Janeiro
accounted for maxiﬁum yield of oleoresin followed by the
type Banantody. According to Mathew et gl. (1972), esseﬁtial
0il ‘content of the type Rio-de~Janeiro was 2.5 per cent.

- Mathai (1973) studiéd the dry matter and oleores;n content

of some ginger types. He observed 11.1 peér-cent d;y natter
in the type Rio-de~Janelro and 16;1 éer-cent in the type
Maran. The oleoresin content determined by acetone extra-
etion worked out to 6.6 per cent and 5.5‘per cent in the
_eultivars Rio-de-Janeiro and Maran respectively. - Lewls (1973)
stressed the importance of selecting proper variety for

0il and oleoresin production. According to Muralidharan
(1974), tpe)yield of oleoresin in ginger was 200 kg per

hectare for the cv. Rio-de-Janeiro.

’ In ginger, the oleoregin content is higher in the
early growth phases of the plants. The same has been
reported.gs 10.1 50'16.1'per cent in a érop'of three months
old and 4.8 to 9 per cent in a crop of seven months old
(Mathal, 1974). Nair (1975) observed highest drying
percentage in the types Slerra Leone and Maran and maximum
oleoresin content in the type Rio-de-Janeiro. Nybe et al.
(1980) have assessed the esgential oil and oleoresin
contents of some 6f the ginger“types and reported that the
~essentlal oil and oleoresin content were 2.3 per cent

and 10.5 per cent respectively in case of Rlo-de-Janeiro,



14

and 19 per cent and 10" -per cent respectively in case of
Maran. The essential oil content of ginger variled from
0.8 to 4.0 per cent hased on locations. In India, the
range of essential oil has beeﬁ reported as 0.5 to 2.5
per cent in different commercial cultivars (Sankarikubty
et al., 1980).

The essentlal oll and oleoresin contents in the
fresh and dry ginger samples were evaluated by Damayanthl
et 81, (1980). In their experiment, dry ginger contzined

volatile oil to an eztént of 2.6 ml per 100 g which was
’equivalent to 0.2 to 0.29 per ceﬁt on fresh weight basils,
whereas the jield of oleoresin from fresh ginger was 0.5 to

0.6 per cent compared to six to seven per cent in dry ginger.

Nedr and Das (1980) studied the influence of
nitrogen and planofix (NAA) on the oleoresin and crude
fibre contents in five ginger cultlvars. They foumd that
the oleoresin content was significantly higher in samples
harvesied from the ploté treated with urea 2lone and urea +
planofix, In this experiment, the cultivar Rio-de-Janelro
recorded’ maximum oleoresin content closely followed by
Ching and Maran. Application of urea or planofix did not
have any effect on the crude fibre content of different

ginger cultivars,



2,6, fest and diseases

Many diseases occur in ginger cfop vhich cause
varying degrees of damage and thereby reduction in yleld
(Sharma end Jain, 1977). Kamnan end Nair (1965) reported
that yield loss due to incldence of rhizome-rot caused by .
Pythium aghanidermatum‘ranged from 80 to 90 per cent in
different years. According to Joshi and Sharma (1980)
soft~rot is a serious disease in most of the ginger growing
tracts. Losses of more than 50 per cent of pbpulation
have bsen reportea due to this disease. By treating seced
rhizomes and soil at the time of planting with chesﬁunt
compound (28.35 g in 9 litre of water) or wettable Ceresan
0.1 per cent, the soft-rot disease could be controlled

(alyadurai, 1966).

Many workers have reported the comparative resi-
‘stangg of different cultivars of ginger against rhigome
rot disease. Nair (1969) found the cultivar Maran as
c;mparatively tolerant to soft-rot disease while, Rio-de-
Janeiro as very susceptible. Indrasenan and Paily (1974)
screened 21 cultivars of ginger for thielr susceptibility to

Pythium gphanldermatum and based on tpe results on the
percentage of infection of ihizomes, they considered

cv. Maran as tolerant. Sarma and Namblar (1974) found the
incidence of soft~¥ot to a tune of 22.78 per cent in plots
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‘treated vith .aureofungin at 200 ppm, 28.3% per cent in
plots treatea.with 0.1 per cent captafol as against 68.88

per cent in plots under control.

Balagopal et al. (1974) reported that the cultivars,’
Nadié and Narasapattam, as moderately resistant to soft-rot
disease. According to Sarma,ggwgl; (1975) the incidence
of soft-rot disease was least in cvs Jorhat and Slerra Leone
(11.25 per cent) as against 82 per cent in the cv.Kuruppampady.
Nair (1975) concluded that type Maran was significantly
superior on its tolerance to rhizome~rot ‘and cultivar China
was most susceptible. Sarma et al. (1976) could reduce
the incldence of soft-rot disease by application of methoxy
ethyl mercuric chloride.

'Séveral species of Pythium cause soft-rot disease
of ginger. They are Pythium aphanidermatum (Edson)
Fitzp, P. butleri Subr, P. gracile schenk, P, myriotylum
Drech (Randhawa and Nandpuri, 1970), P. complectens Braan
(Park, 1934), P. yexans de Barry (Ramakrishnan, 1949),

P. deliense Meurs (Haware and Joshi, 1974).

Iye& et al. (1981) have reported that the adult
insects of Mimegralla sp transmit the disease from
infected clumps to healthy ones. '

Yellow disease caused by-Fusarium oxysporum f, sp.
Zingiberi, bacterial wilt caused by Pseudomenas solsnacearum
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and phyllosticta leaf spot caused by Phyllosticta zingiberl
are the other important diseases 6f ginger (Joshl and
Sharma, 1980).

Nair (1980) reported the shoot borer (Dichocrocis
punctiferslis Guen), the rhizome maggot (Chskidomyia
atricornis Mall.) the leaf feeding caterpillar (Udaspes

folus Cram. ) the scale insect (4spidiotus hortii Gr,)
and the root-knot nematode (Meloildogyne incognite) as
major pests of ginger, '

2,7. Crop improvement
2,7+.1+ Screening for high yield

According to ﬁuralidharan and Kamalam (19?3),
Rio-de~Janelro was superior to other cultivars with respect
to yield. In an yleld trial ofléleven-cultivars cconducted
at Vellayani, Nair g&wg;.'(1976) found that the highest
yield was glven by the cultivar Nadla followed by Himachal
Pradesh. In a comparative yield trisl of 23 cultlvars of
ginger at Kasaragod, maximum yield was obtained from
Rio-de~Janeiro followed by Burdwan and Jamaica (&nonymous,
1978). ’

2.7.2., Iissue cuitufé

Hosoki and Sagawa (1977) found tissue culture as

a successful technigue in propagation of gingér. Buds from



storage Thizomes were grown in a media containing Murashige-
skoog major elements, Ringe-Nitsch minor elements, vitamins,
two per cenﬁ,sucrose, and one ppm 6-benzyl aminopurine,
They could produce nﬁmerous adventitious shoots with roots
through repéated sub culturing of individual plantlets in
one ppm-6 benszyl amino purine medium. The rooted plantlets
could be successfully transferred to a mixture of 2 peats 1
sponge rock : T vermlculate in the green house and exposed
eventually to full sun in the nursery.l

2.7 3 Growtn regglaﬁxapglicatiog

. In ginger, 2 substantial incerease in the shoot and
root growth could be achieved by the application of Ethephon
at dosage of 250 ppm (Islam gt al., 1978). Jayachandran (1978)
observed increased flowver production in ginger by the appli-
eation of Kinetin (10, 50 ppm). Nair and Das (1980)

repo}téd that in ginger the oleoresin content got increased -
by the application of urea (2 per cent) and planofiz (200 ppm,
%00 ppm). - | '

2.7.4, Genetics and breeding

The hybridization programmg,in ginger is handicapped
due to relatively very shy flowering nature of most of the
cultivars and the total absence of seed-set., Mohanty and
- Sarma (1979) studied the genetic variabilitj and heritability
of 1k characfers of 28 cultivars of ginger. The study



indicated that straightselection was useful to improve
aimost all the characters except in cases of number of

tertiary fingergs and straw yield. Significant positive
genotypic and phenot“ypic qorrela’cions with the number of
,tiilers, number of 1eéves, plant helght, leaf breadth and
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total number of fingers with rhizome yleld were glso obtained.

Ratnambal et al. (1980) studiled the linear rela-
tionship between the morphological characters like helght

of the pseudostem, number of leaves a'nd breadth and length

of last fully opened leaf, and yield in 23 cultivars of
ginger by multiple regression technique. Using this
technique, they could prédic’c- fairly accurately the final
yield with an B® of 73 per cent, They recorded the
morphological characters 90 and’120 days after planting.
Path coefficient analysis revealed that the p-heno'b'ypic
correlation between ‘yield of l.rhizomes and,height of the
pignt was quite high. .. The pianﬁheight also exhiblted a
" high indirect effect in the establishment of correlation

between yield and other morphological characters.

_ Ratnambal (1979) on conducting multivariate |
analysis found that the ginger-cultivars shovwed differences
with respect :to rhigome characters such as number of nodes,
length, breadth and internodal length of mother rhizomes,
‘number o'f: nodes, length and breadth. at the base, middle and
top and internodal distance of fingers. i



2.8. Effect of ionlsing radiation on plgnt growth
2'. 801 e Galﬁmg rg;! l

208. 1«7 Germination

Many workers have reported the effects of gamma
rays on gérmination of various vegetatively propegﬁted Crops.
Vijayalgkshmi and Reo (1960) irradiated the setts of
sugarcane species, Saccharum officinarum, S. spontaneun,

S. barberi, S. sinense and S. robustum wlith gamma rays at
doses ranging £ rom 50 to 10,000 rad and found that the upper
1imit of safe dosage for normal germinagtion and growth of
Sacchorem sp was avound 300 Tad. dccording to Moh (1963)
the LD50 i.e., the dose of gamma irradiation of uhich 50
per cent of the treated materials does not survive, for
taploca was approximately 3 k rad. Abraham (1970) observed
maximum sproutings of buds of irradiated stem cuttings of
tapioca ét a dose lesger than 1.5 k rad.

Stotzky, et al. (196%) treated the rhizomes of
Mussg sggieﬂthm CV, Gros_Michel vith gamma rays and observed
reduction in survival. Velez and Maldonado (1572) also
. studied the effect of gammg irradiation in béﬁaﬁa. Suckers
of the cultivar 'Gros Michel! weie treated with 2.5 to
40 ik rad of gamﬁa‘rays, but';pfouting‘occufred only upto
5k raﬁ.



~ According to Uzenbaev and Nazernko (1969)
sprouting waa.delayed, when the corms of gladiolus were.
’ irradiated with.gamma pays at 5, 10 and 15 k rad. ' Das
| {1970) reported the lethal dose of gamma irradilation as
10 k rad in the case of mulbery seedling, Mukherjee and
Khoshoo (1970) treated rhizomes of camna with 1, Eiand
3 k'rad of gamms rays and found that a dose of 3 k rad was
lethal to the diploids, but not to the triploids.

According to.Gonzalez‘éﬁ'th (1972) germination
was completely inhibited by % k rad of gamma rays, in
ginger, However Bajﬁ‘gg al. (1980) phserved 32 per cent
germination by 2 k rad as against 96 per cent in control,
| .

Gamma irradiation of bulbs of tuberose with a
serles of doses revegled the optimum dose to be around
2 k rad (Younis and Borham, 1975). 2hila (1975) suggested
the optimum dose of gamma irradiation on garlic as below
T k rad.

Gupta et gi, (1982) observed that gamma rays
induced variabillity in costus. Rhizome pleces were exposed
Qo 1.9, 2, 2.5 and 3 k rad of gemma rays and planted,

Lower doses had no effect on sprouting while marked
decrease in sprouting was observed at'3 k rad. On the

bagis of survival LD5O dose was fixed as 3 k rad.



2e 80 1 «2e Vegé tative EX owth

Stimnlatory and inhibitory effects of gamma rays
on plant growth have been reported by several scientists,
In pinegpple, irradiation of the plants of the va;ieties
kew.and Mauritus led to growth retardation,}and in one
plent to premature suckering (Anon}mous, 1964 ), I;izary
end Velez (1970) elso studied the effect of gamma irredia-
tion in pineapplé crown. They observed that the doses
500 to %000 red did not influence either rooting efficlency
or shoot growth. At higher doses above»hooo rad, reduced

rooting and shoot growth were produced.,

Koo and Ruiz (196%) irradiated the aerial tubers
_of dioscorea with 2 k rad of gamma Tays and observed
Vayiatioh in the shoot growth during the second generation.
Halevy and Shoub (1965) reported some non genetlc effects
of .gamms irradiation on growth of iris plants, In erocus,
some morphological changes were observed by Mitsukiii and
aral (1969), vhen the tubers of the cultivar 'Mammoth |
Yellow! irradiated vith gammg, TaysS:

!

Rhizomes of the joung plants of canna were
" irradiated with gamma rgys at 1, 1;5-and 2.7 k rad by
Nakornthap (1965 ) and he observed stunted plant growth
and variegated leaves, Desail and Abraham (1974%) observed



growth stimulation in canna cv. 'Rosamund Coles! when
exposed to gamma rays at 1 and 2 k rad. In 1illy, plant |
height was Increased by irradiating the bulbs with gamma
rays at the rate of 10 rad/day for 35 days.
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Gupta (19695) studied the effect of gamma irradigtion
in émbogogon y@_r_p_;gi, at 20, 30, 40 and 50 k rad, Compared
with the control, the treated plants were taller and more
vigorous. Banerjee (1967) irradlated zephyranthus bulbs
with 1.2 and 5 k rad of gamma Tays but he did not find
growth stimulation. When the stem cuttings of portulaca
vere irradlated with 'gamma rays, i‘.he average number of

branches decreased (Gupta, 1969).

Jauhar and Singh (1969) treated tubers of potato

cultlvar 'Kufri sindhuri', 'Kufri Red!, 'Kufri Kuber' and
| "Ypto-date' wit!P® gamma Yays alone and in combination with
ultra viclet rays ’ 358‘, 32 and 45 Ca. A wide range of
morphological snd physiological irariants could be prodﬁced
in the M1 generation, some of which were of potential
breeding value. Nayar and Dayal (1969) used healthy
dorment and uniform tubers of the variety 'Kufri Sindhuri!
for gamma irradiation, Tne tubers were cut into two
equal halves, one half exposed to gamma rays, and the
other kept as control, They observed variation in growth
of the plants in M3 generation. Serebrenikov (1971)
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observed growth stimulation in potato when tubers were
irradiated with 500 rad of gamma rays.

Dryagina (1964) and Bulatti and Tesi (1968)
reported that variation cén be easlily induced in gladiolus
by irradiation. Uzenbaev and Nazernko (1969) observed
reduced plant growth, and diminished leaves in gladliolus
when the corms were irradiated wlth.gamma rays at 5, 10
and 15 k rad. ‘

Escober and.LOpez‘(1970) treated sugarcsne seed
pleces with gamma rays to fin& out the effect of irradia-
tion on growth of the plants. Growth stimulation was not
observed even at the lowest dose (1.5 k rad). Abnormalities
of the growing point; malforma?ion of the leaves, stunting
~and reduction in the size of the stalk, were observed in
the irradisted plants,

Rawkin (1970) observed that in strawberry, growth
sf the p;ant inhibited by gammsa irradiation at 7 and 14
k' rad, In chrysanthemun, growth stimulation was observed
by Pavlova (1972), when the stem cuttings were irradiated
gith 200 and 1000 rad of gamma Yrays. Velez and Maldonado
(1972) observed growth reduction and drastic leaf

aberrations in benana, as a result of gamme irradiation.
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] Gupta g&,g;, (1983) irradiated rhizomes of costus
with 1.9, 2, 2,5 and 3 k rad of gemma rays. They observed
growth stimulation at 1.5 k rad. 4% 2, 2.5 and 3 k rad,
treatment, height of.the plant, and number and size of

leaves decyeased.

2.8.1.3. Leaf and tuber colouxr

Hernandaz g_tgg; (_1_'9595 observed variation In skin
and flesh colour of sweet éota.tb by gamma ray treaiment
2t 10 and 15 k rad. Bulatti et zl. (1965) studied the
effect of gemma irradiation on the rooted cuttings of
carnaﬁon and observed that the freguency .of chlorophyll
deficlent sector per plant amd branches were Troughly
proportional to the dose. Vasudevan et al. (1968) observed
- variation in the chlorophyll content of Colocagsia esculenta

es a result of gamma irradiation, -

Ono (1971) compared the effect of gamma Trays on
developing buds, developing seeds and dormant seeds of
mentha end found that irradiation of developing bud was
most effective for the induetion of chlorophyll mutants.
Gupta et sl. (1974), Abraham and Desai (1976), and
Konzak (1984%) observed yellow margined leaves in tuberose
when the bulbs vere irradiated with gammas rays. Laxmi
:g_t, al. (1980) observed chimera formation in costus as a

result of gamma irradiation.
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2.8.1.k, Flowefing

Gamma ray lrradiation is found effective in
modifying the flowering behaviour of crop plants. Treat-
ment of stem cuttings of chrysanthemum with 2 to ¥ k rad
‘6f gammp, irradiation was an efficient method for. inducing
variation in the size and shape of individual florets
(Bowen, 1965). Effect-of gamma irradiation on flowering
of iris had been reported by Halevy and Shoub (196%).
Nakorthab.(1965) observed changes in colour and forms of

the flower petals of camna as a result of gamma irradiation.

Lantin and Decourtye ({9?0) irradlated, dorment
tubers of dahliaz with géﬁma rays and observed variations
in the fléwer colour and form. Rawkin (1970) observed that
in gtrawberry, flowerihg was inhibited by gamma irradiation
at 7 and M k rad. According to Lata and Gupta (1971)

size of the flower is reduced, by gamma irradiation in rose.

In gladiolus early flowering was observed by the
ccmbinedhtreatment of gamma rays and nitrosomethyl urea
(Dryagina and Kogarinov, 1972). Broertjes and Van Harton
(1978) irradiated dormasnt corms of gladlolus cv 'Hawailf
" with 2.5 to 15 k rad of gamma rays and abserved vagiation
in flower colour., WYhen the normal colour of flower being
red, irradiation helped to produce flowers of colour
purple, crimson, scarlet, pink and white. Gupta et al.(197+)
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observed delayed flowering in tuberose, when the bulbs

were irrgdiated with gamma rays.

Nayar et al. (1979) reported radiation as a
stimulant for earli and unif&rm flowering in pineapple.
Three month old, pineapple suckers were irradiated at 4
and 6 k rad and planted. Sudkeré exposed to 4 k rad
produced cent per cent flowering after 16 months of planting
while no flowering was observed in the control. Kukimura
and Kouyama (1982) reported that gamma rays had effect
on inducing flowering in sweet potato,

Decourtye (19?03 observed reduced pollen germi-
nation in apple %griety 1Golden Delicious!, when the
dormant scion wood was exposed to 5 k rad of rays before
grafting., 8Singh and Khanna (1970) -succeeded in producing
male sterile plants in Opiuﬁ poppy following gamme

irradiation, .
2.8.1.5. Yield

.Halevy and Shoub (1965) found that the‘bulb
yield of iris vas affected by gamma rays. In gladiolﬁs,
Itreating the corms with 15 k rad of gamma rays before
planting resulted in increased production of new corms,
(S8parrow, 1966). Banerjee (1967) irradlated gzephyranthus
bulbs with 1.5 and 5 k Tad of gamma Tays, but he did not
find stimulation of growth and yield or mutation due to
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Abrgham (1970) reported increased yield in
Amorphophallus companulatus and dioscorea by gamma irra-
" diation of the corms and tubers before planting. According
to Serebrenikov.(1971) yield of potato increased at
500 rad of gamma irradiation. Mital et al.- (1972)
observed increased yield in Menths arvensis, when the
stolons were exposed before planting to gemma rays at
1y 2 and 3 k rad,

Raju et gi, (1980) found formation of weaker
and eldhgated underground rhizomes in ginger due to 2 k
rad of gamma ray treatment. In Costus, Gupta et al.(1982)
observed incréased rhizome production in 1.5 k rad
treatment. But the yleld of rhizome decreased at 2, 2.5
and 3 k rad treatments. Gamma irradiation at 500 to
1500 rad increased the yield of strawberry cultivar,
‘Frense' by 4% per cent (Sodowska, 1983). Kamala and
Rao (198%) reporteé increase in the yleld of yellow
sarson when' the cuttings were irradiated with 5 k rad of

gamma Trays.

2.8.1,6, Quality attributes

.

In, Cymbopogon martini, the essential oil
contént in the leaves and inflorescence was increased
by gamma irradiation (Gupta, 1969)., However the oil
content was decreased in rose, when the buds were irra-

diated with gamma rays (Lata and Gupta, 1971).
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Mital ;ta_i_:. _al.,. (1972) observed that oil recovery
was increased in r_«igr_ih_q arvensis, when the stolons were
exposed befor;a planting to gamma rays at 1.2 and 3 k rad.
Kaul and .Kek (1974%) reported that in Mentha arvensié,
the oil content increased by planting irradiated suckers.
In costus, Gupta et al. (1982) observed increase in the
dissgenin content in the treated plants at 1.5. and 2 k rad.

2.8,1.7. Disease resistance

Resistance to the disease caused by Pahytophthora
. pargsitica was induced through gamma irradiation in
Abelmoschus manihot (Kuwada, 1967). Escober and Lopez
(1970) treated sugarcane seed pieces with gamma rays to
find out the effect of irradiation on disease resistance,
But growth stimulation and disease resistance were not
observed even at the lowest dose (1.5 k rad). According
to Ono and Ikeda (1970) resistance to rust disease can be

induced in Mentha g'_rvensis by gamma irradiation. In

;_Szenatoph‘frurq secundatum gamma irradiation of stem cuttings

induced disease resistance against Pyricularip grises,

Sclerophthora sp. and Ihanatephorus cucumeris (Toler
.and Grisham, 1983),
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2. 8.2. x-rg!
2.8.2.1: Germination

Sparrow and Christenson (1950) observed that
X-ray irradiation (+had an inhibitory effect on sprouting
of potato tubers. De Mol (1953) assessed the optimum
dose of X-ray irradiation as around 300 rad, in the
case of hyacinthus. According to Haut and Subramsnium
(1973) an exposure level of 2 k rad of X-ray was the upper
1imit for survivael of the dormant green buds of rubber
clone RRIM-600,

v

Broertjes and Verboon (1974%) stated that the

‘best period for irradiating rhizomes of alstroemerie with |
X-ray was March-April, the optimum dose being between 350
and 500 rad for diplolds and 500 to 700 rad for triploid’
cultivérs. Broertjes (1977) has. listed out the suitable
irradiation doseé to be used for some of the vegetatively
propagated plants, which include, alstroemeria (rhizome
400 to 600 rad), Canna (rhizome, 1 to 3 k rad), Gladiolus
(Corm, ' k Tad), banana (rhigome, 2.5 to 5§ k rad), tulip
(bulbs, 300 to 500 rad) hyacinthus (bulbs, 200 to 500 rad).

rs

2.8.2.2. Végetat1VQ grovth
' The vegetative growth of plants can be modified '
by X irradiation treatment. Ferwerda (1965) observed

stunted growth and abnormalities in leaf colour and texture
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in potato as a result of X~-ray treatment.' In peppermint,
the leaf siée was reduced, when the stolons irradiated

with 500 to 9000 rad of X-rays (Murray, 1969). Zimar et al.
(1974) reported that X-ray irradiation at 10, %0, 80, 150
and 600 rad increased the roo£ growth in chrysanthemun.

At 1200 rad root growth was decreased. A4 high yielding
mutant of yurmeric, viz., Co=1 hag been developed by

Shah et al. (1982). It is a vegetative mutant of type

Erode, developed by X-ray irradiation at 5 k rad. The plants
of Co-1 was found more robust, vigorous, and taller

possessing. more legves and tillers.

Pavlovic et g;. ({983) studied the effect of
different doses of X-ray irradiation in Mentha piperits.
Cuttings vere exposed to X~-rays at 560 to %000 rad and
plented, The lowest dosage stimulated the plant growth,
whereas the highdst had an inhiblting effect.

2,8.2.3. Flowering

X~-ray irradiatiog is also found effective in
modifying the flowering behaviour of crop plants.
Spencer (1955) noticed early flowering in zephyranthus,
when the bulbs were irradiated with gamma rays. In
hyacinthus, flower colour variations were observed as a
_result of X-ray irradiation (De Mol, 19Y3). X-ray
treatment resulted in early flowering ln Cathergnthus roseus



(Bose et al., 1972), Irradiation of the dormant tubers

of dahlia cv. 'Salmon Rays' at 1 to k k rad of X rays
resulted in larger blooms and longér stem (Sigurbjornsson
and 'Micke,, 1973).

2.8.2.%, Yield

Johngon (1928) administered a low unspecified
dose of X ray on the tubers of potato ev. Early Ohio and
observed incregsed tuber formation.‘ In cv. Irish Cobler,
large sized tubers and high yield could be observed,
as a result of irradiation of the seed tubers with %00 to
1200 rad of X rayé’(Sprauge and Lenz, 1929). In potato,
Johnson (1937) again' observed, increased tuber formation
as weli_as better weight of tubers, after exposure to
1500 rad of X rays.

"According to Cheng (1958) yield of sweet potato
increased, when the tﬁbers were irradiated with 1250 and
5000 rad of X rays. Shah et gl. (1982) observed larger
" mother and finger rhizomes and high yleld in turmeric
as a result of X ray irradiation.

2.8.2.5., Quality

Pavlovic gt al. (1983) observed a positive
correlation befween irradiation dose and essentlial oil

content in Mentha piperita, Samantha and Sen (1983)
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reported X ray induced variability in Solasodine content
of Solanum khasianum. By 15 k rad X ray treatment,
Solasodine content could be increased.

2.8,2.6, Disease resistance °

In potato, Kishore gt al. (1963) observed increased
resistance to Phytophthora infestans by X ray irradiation.
Murra& (1969) irradiated the dormant stolons of
peppermint with 500 to 6000 rad of X rays and observed
resistance to verticillium wilt in the progenies.



Matetials and //[ez‘éo/ﬁ




MATERIALS AND Mmmc}ns

Investigatlon was undertaken in ginger during
1983-8+ at the College of Horticulture, Vellanikkara with
the objectives to find out the lethal dose of gamma
irradiation for ginger rhizomes with .reference to their
germination, and the effects of gamma irradiation oh the
vegetative parameters, flowering behaviour including floral
biology and seed-set, yleld and quality attributes of

rhizomes and the incidence of soft rot disease.

3eTe Determinatioq of lethal doge of gamma irradiation
3+1+1. Selection of planting material

A

Healthy and viable rhigzomes of cultivars, Rio-de-
Janeiro and Maran were selected and were subjected to
pre sowing treatment. The rhizomes were sosked in a
solution containing 0.25 per cent Emisan and 0.05 per cent
‘Ekalux for 30 minutes end were dried under shade.

. \
The rhizomes were cut into pieces of 15 g, each
possessing two or three viable buds. Fifty seed bits were

then subjected to each dose of_gammalirradiation.
3.1.2. Ireatments

The following doses of gamma irradiation were
selected for treating the gseed bits.
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T1 " - . 007 k I‘aﬂ

T, - 1.0k red

T, . - 1.5 k rad |
R, | - 2 k rad

'«,‘-'5 - bk k rad

Tg, - 6 Xk rad

T7 - 8 Xk rad

Ig - 10 k rad.

T9 - 20 k rad

T40 - 30 k rad

Tqq - 40 k rad

I - Control (No irradiation).

The seed bits were exposed to the respective
doses of'6OCo gamma, rays at’a dose rate of 0.316 MR per
hour in the gamms chamber.available at the Radio Tracer
Laboratory, Kerala Agricultural University, Vellanikkara.

For control, unirradiated seed bits were used.

3.1.3. Planting and after ears
After irradiation, the seed bits were planted
ﬁmmediately in earthern pots, filled with potting mixture,.

consisting of soil, sand and farm yard menure in 72121
proportion. The pots were irrigated once in two days.
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3.1 R Obser\rationé

The germination of seeds under each treatment
was recorded daily and the germination percentage worked
out to select suitable doses of gamma irradiation for
undertaking further studies.

3.2, Stimgatorzz mufggenic effects of gamma rays
3.2.1. Land preparation

A field triel wes undertaken in loamy laterite
soil having good drainage. The land was first ploughed
to & depth of 30 om and the’ clods broken to bibng a
fine tilth, Levelling was done and raised beds of size
3Mx 1M and af height 30 cm having drainage channels
‘of width 50 cm all around each bed were made,

3e2+2. Dasl and lgyout

The experiment was lald out in Rendomised Elock
Design with three replicatién.

The treatments were the following irradiation doses.

T1 - _0. ? k rad
TB - 1 05 k rad
4, - 2 k rad

'.1’5 - Control (No orradiation)
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3.2.3, Cultivars

Two cultivars namely Rio~de~Janeiro and Maran

were used for the study.

3.2.%. Selection of planting materisl

Viable and disease free rhizomeé vere aelecfed
and pre sowing tréatment waé given, The rhizomes were
cut into pleces of weight 15 g each having two or three
viable buds,

3.2.5. Treatments

The seed bits were exposed to the different
doses of 60 Co gamma rays, as described under 3.1.2, in
the gamma chamber of the Radio Tracer Laboratory, Kerala
Agricultursl University, Véilanikkara. Unirradlated

seed bits were used as control.
3.2.6. Cultivation

~ The seed bits were irradiated as periﬁreatments
and planted on 21st June 1983, in the already prepared
beds giving a spacing of 25 x 25 cm. Fortyeight seed
bits covld be accommodated in each bed.

Cultural and manurisl practices recommended by
the Kerala Agricultural University as per the Package of

practices were adopted.
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3.2.7. .Observatiqr; c'm. 'Gégé'ﬁétive characters
3v2.7.1. Sprouting

The plot wise number of seed bits germinated
was recorded. The number of dayé taken for the germi-~

nation was also observed, -

Al

3,2.7.2. Height of ‘the plant

Hedight of the plents was measured vertically °
from the base of the main pseudostenm .up to the tip of the
top most leaf, at monthly intervals commencing from
one month old— s“t'age to six months old stage.

3020 703.. Num:.ber of tillers per Elmlt

The total number of tillers produced by the

plants was counted and recorded at monthly intervals.

3.2.7.4, Number of 1eaves per tiller

From each plant, five tillers were selected
a,ﬁd the number of leaves in each was counted to work

out the average number of leaves per tiller.

3.2.7.5, Length and width of leaves

Length from the base to the tip of the last

fully opened leaf was measured and recorded as the
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length of the leaf. Width was measured at the base,
middle, end the tip of the leaf and the mean was worked

out. These observations were taken at monthly intervals.

3020706. Leaf areg index

Leaf arsa was determined by multiplying the
length dgnd width of the leaves.

Leaf area index was calculated by multiplying
the number of leaves per plant with the number of plants

per one square metre and area of an individual leaf.
3.2.7.7; Leaf colour

Leaf colour and the extent of chlorosis in the

¢

leaves were observed.

3.2.8. Obse;Vgtion on flowering
3. 2. 80 1. gg 1oreS’cence

The number of plants flowered and the number of
infldrescence produced per plant were counted. The time
taken for the emergence of first and last inflorescence
vas recorded. The number of flowers produced per

inflofeScence and the time of flower opening were
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observed. Measurements on the length of the inflorescence

and their stalks were also recorded.



3.2.8.2, Pollen fertility

Fresh pollen grains were collected immediately
af ter flower opening, stained with acetocarmine and
observed under the microscope. Properly stained pollen
gralns with proper round shape alone were counted as
fertile pollens, Observations were taken from 10 mlicros-
copic fields and the mean found out to calcﬁlate the
pollen fertility. )

3.2.8.3. Pollen viability

Fre;h pollen grains at the time of flower opening
" were collected and kept in a media containing eight

per cent sucrose, t}lree per cent g‘elatin. and 60 ppm boric
" acid to count the pollen germination,

3.2.8.%, Anthesis

The time of anthesls was recorded.

3.2.8.5. Pollination snd seed-set

,

_ Hand pollination with fresh pollens was done at
different intervals namely, bud pollination one hour
before flower opening, at the time of flower opening,

one hour and two hours after the flower opening,

Pollinations were al.so undertzken using the
mixture of pollen of Zingiber off:!.cin e, Costus speciosug,

Alpinia galasnga and Curcuma longa,



Observations on seed-set were recorded.
3.2.9. Yleld

The crop was harvested when seven months old,

The following observations were r_ecorded.
3.2.9.1. Number of rhizomes per plasnt

The number of rhizomes produced per plant was

counted and recorded.

3.2+9.2. Type of rhizsome
The rhizomes produced directly from the seed

rhizomes were counted as the primasry rhizomes and thosge

originated from primary rhizomes as the secondary rhigzomes.

3¢2.9.3. Yield of rhigomes per plont

Yield of rhizomes per plant was determined by
taking the welght of the fresh rhizomes after the harvest,

3.2.9.. Yleld of rhigzomes per hectare

Yield of rhizomes per hectare was calculated
by mult:!.‘piying the average yield per plant in o plot with
the populatlon per hectare. -



3.2.9.5. Percentage recovery of dry rhizomes

From each plan%, 100 g of fresh rhiZomes were
collected immediately after harvest and dried under Sun
till‘a constant weight was obtained, From the values

the percentage recovery of dry rhizomes was worked out.

3.2,9.6, Yield of dry ginger per hectare

Yield of dry ginger per hectare was calculated
by multiplying the yield per hectare with the percentage

N\

. recovery of dry ginger,

3.2.9,7. Extent of root formation

The total number of roots produced on the
rhizomes was counted gnd recorded. From each rhizome
five roots were selected ‘and , their lezigth measured to

find out the mean length of root produced.

3.2,10.. Observation on quslity factors
3.2.10.1. .Essex'xtial oil‘ content (green minger)

! .
The cleaned freshly harvested rhizomes were used

to determine the essential -oil content., Hundred grams
of rhizomes were tal;en and crushed in a mortar., Then
.the essentlal oll was extragcted adopting Clavenger Tragp
water distillation method as per American Splce Trade
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Associgtion (1960). The egsentlial oil contenf wa.s
expressed as ml per 100 g of green ginger.

3.2.10.2. bleoresin content (green ginger)

Fresh and cleaned rhizomes (10 g) were ééken and
the' oleoresin content was determined adopting the Soxhlet
method of extraction with acetone as solvent which is
the official Analytical method of American Spice Trade
Association (1960).

3.2.10. 3. Eséential oil ldrz ginger)

The dried rhizomes were grouhd‘;n a grinding mill
and 50 g of powder taken for analysis, adopting Clavenger
Trap Method as per American Spice Trade Assoclation (1960).
The essential oll was expressed as ml per 100 g of
dry ginger.

3.2.10.k, Oieoresin content: (dry ginger)

Powdered dry ginger of five gram weight was
taken and the oleoresin content determined adopting
SoXhlét Method of extraction with acetone as the solvent.

3.2.10.5. Oleoregin content in the peel

Peel of the cleaned fresh rhizomes immediately

after harvest was removed end the oleoresin content in the



peel determined adopting the 0fficial Analytical
Methods of ASTA (1960)., Th'e same was expressed as
milld grams of oleoresin per 10 g of ginger peel.

3.2.11. Observations on incidence of soft rot disease

The number of plants infected by soft rot
disease was counted aznd the percentage of infection

vorked out,

3.2.12, Statisticsl analysis
!

The data of the various aforesaid observations
were analysed statistically using standard proceadures
(Snedecor and Cochran, 1967). '
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RESULTS

Investigation was undertaken to find out the
lethal dose of gamma rays in respect of the germination
of giﬁger rhizomes, and to investigate the eff'ects of
gamma i1rradiation on the vegetatlve characters, flowering,
yield, quality attributes and the incidence of soft-rot
disease in ginger. The results of thé studies are
presented in this chapter,

%.1. Determinagtion of lethal dose of gamma rays

Observationson the number of germinated rhigzomes,
‘germination percentage and the period teken for germination
are given in'Table 1. Maximum germination in both the
cultivars couldﬁbe noticed in control, The cv. Rio-de-
Janeiro accounted for 90 per cent germination whereas
e¢V. Maran only 80 per cent, The germination percentage
decreased gradually with the increase in the dose of
irradiation. Germination was minimum at 1.5 k rad (&%)
in the cage of tMaran' and at 2 k rad (8%) in cdse of
Rio-de-Janeiro, Total failure in germination was observed
in treatment 4 k rad and above in cv, Rio-de-Janeiro,

In respect of 'Maran! total failure in germination of
rhizomes subjected to irradiation dose of 2 k rad and

above was noticed.



Table 1. Extent of germination of gemma irradisted rhizomes in pots

Gamma ¢v. Rio=de-Janeiro - v, Maran
Treatment %ﬁgﬁ‘dia' Bhizomés Germination Days 'Bhizomes Germina-  Days
doses germinated percentage _ tzken for germinated +tion per- taken for
(x rad) (Wos. ) - germina- (Nos. ) centage germina-
- tion - tion
fi.‘.' 0.7 42 B+ 25 38 7% 27
‘1'2 1_ ‘ Lq 82 26 24 48 30
T, 1.5 18 36 26 .2 L 30
T)_'_ 2 L 8 31 - - -
Ts ”" - - - - - -
T6 - g - A - - - -
T7 - - - - -
Ts 1 0 hd - | -~ = - -
Tg 20 - - - - - _
S S R
11 - - - - - -
‘I'1 2 0 45 90 22 Lo 80 25

L7



Irradiation treatments delayed the‘éermination
proceﬁs.' In case of 'Rio-de-Janeiro!, the rhizomes under
control gqrminated 22 days after planting, whereas the
rhizomes exposed t4 2 k rad took 31 days for germination.
In case of 'Maran', the rhizomes under' control germinated
25 days after planting and those irradiated at 1.5 k radj
. germingted 30 days after planting, Completion of germi-
nation took place in 53 days after planéing. The'é;ta
revealed tgét only fgur dosages of gammy ragys vig. 0.7 k
rad, 1 k rad, 1.5 k rad and 2 k rad were beneficial to
undertake further studies on the st;mulatéry and/or

nmutagenic effects of gamma irradiation in ginger,

4,2, Stimulatory and/or hutagenic effects of ggmma rays

l,2.1. Vegetative characters
%.2.1.1. Germination

In general, a higher percentage of germination
could be observed in the field trial compared to the pot

culture, Observation recorded on the germination of

rhizomes planted in the field after treatments using gamma

48

rays, are presented in Table 2a and 2b and Fig.1-1 and 1-2.

The treatments differed significantly in their germination
capacitlies. Maximum germination was récorded by the

treatment control. As the irradiation dosage increased



Table 2a, Extent of geminai:ion of gamma irradiated rhizomes in cv. Rio~de-Janeiro

in fleld :
) Garma irradiation’ Rhizomes Germination Days tsken for
Treatment doses ( k rad) gez('ginaged percentage germination
- os. -

1 2 j 3 4 5

1, 1.0 41.00 85.4+1 14,67

T3 1.5 37.67 78.47 20.00

T, 2.0 16.00 33.33 25.33

Ty 0 45,33 P13 13.33
F value 45, 16%* 29,62%%
SEnm 3 1 L 71 00 91

. *% Significant at 1% level
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Table 2b. Extent of germination of gamma irradiated rhizomes in cv. Maran in field

Days taken for

. Gamina irradiation Rhizomes Germinagtion
Treatments doses ( k rad) - _se;gminat)aed percentage germination
. NOS. . ’ .

1 2 '3 L 5

Ty 0.7 45,67 95 13.33

Ty 1.5 33.00 68.75 17.33

T, 2.0 9.00 18.75 .67 .

T5 (V] 1&?.67 < 99,31 11.33

F value L7,51we 16.71%*

CDh (0.05) 7.58 4,24
20 32 1'. 30

SEm‘i

#% Significant at 1% level.

0s
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‘noticed irrespective of the cultivars tried. Minimum
germination was I:ecor"ded at 2 k rad, which worked out to
33.3 per cent in 'Rio-de~Janeiro! and 18.75 per cent in
*Maxran'. '

The treatments also exhibited difference in
‘period teken for germination. Early germinagtion occurred
" in control compared to all other treatments. In 'Rio-de-
Janeiro! in control plot the number of déys taken for
germination was 13 deys, whereas it was 25 days at 2 k rad,
In 'Maran! the control plot took 11 days for starting
germination vhereas the rhizomes exposed to 2 k rad took
2k days. _ Treatments 0.7 k rad, and 1 k rad did not varyy
from the control in respect of the number of days teken

for germination.

4.2.1.2. Height of the plant

The data on the height of the plants under
different treatmenﬁs, ‘recorded at. mofxthly'in‘bervals are
presented in Tgble 3a-.and 3b and Fig.2-1 and 2-2, The .Anova
presented in the Appendix II indicated that the irradiation
doses had significaent effect on plant height. The plant
height was maximum for plants under control, throughout
the growth phase of the crop. Graded decrease in the '



Table 3a. . Plant height in cm (cv. Rio-de-Janeiro)

Growth periods (months)

Gamma
Treatments irradiation— .
%12 sg:d ) One Two Three Four Five Six
1 2 - 3 k 5 . 6 7 8
4 0.7 31.11 38.61 50.43 52.75 53.18 53.19
T, 1.0 28.29 38.31 45.80 %9.55 51.39 51.39
T, 1.5 23.91 31.69 41,68 L, 6l 45,89 45,90
Ty 0 Control  39.80 46.26 55.92 57.90  59.18 59.19
F value 35.58%* 57 L G 69,20%* 51.18%x  70,35%*  70,13%x*
CD (0.09) . k.58 - 3.57- 3.k6- 3.07 2.71- 2.72 -
SEm &+ ~ 1.k 1.09 1.06 0.83 0.83

0.%

** Significant at 1% level

26



Table 3b. Plant height in cm (ev. Maran)
Treatments gra?'ﬁiation Gr owth- period (months)
‘(iltsggd) @e Two Three Fogr Five Six
1 2 3 N 5 .6 7 8
T, 0.7 38.03 4k, 01 50,98 52,42 52,92 52,92
T, 1.0 31.33 39.39 19.99 51.58 51.70 51.71
T4 1.5 - 2475 32.65 k3.9 4545 45,73 %5.73
T, 2.0 18.90 27,35 35.58 39.90 40. 2k 40,24
Ty 0 Control  39.99 45,01 53,7k 56.05 56.91 56.91
F value 82,k 6 H5we 47 28wk 26.85%%  30,21%%  30,29%%
¢D (0.05) 3.19 3.0 KRN %.02 3.88 - 3.88
SEm + 0.98 0.92 1.06 1.23 1.19 1.19

#* Significant at 1% level

I3
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plant height could be observed as the irradiation dosage
increased., Plant height was minimum at 2 k rad. Bub with
regard to plant height I1n both the cultivars, the

treatments 0.7 k rad and 1 k rad did not differ significantly.

%.2.1.3. Number of tillers per plant -

The data presented in Table Ya and Wb indicated
that the treatments varied significantly with respect to
tiller production, from the stage of 3 months onwards, In
'Bio-de—Janeiro',»maximum’tiller production was observed
at 1 k rad (22.47) followed by 0.7 k Tad (20.1) at six
months 0ld stage, whereas in 'Maran! it was maxlmum at
0.7 k rad (17.3%) and then at 1 k rad (16.13) at the similar
stage. In both the cultivars, tiller production was minimum
at 2 k rad. |

%,2,1,4, Number of leaves per tillerx

The daéa on the number of leaves per tiller are
given in Table 5a and 5b. The Anova (Appendix II)
revealed -that thé’treatments showed significant variation
in leaf productioﬁ. Leaf production was maximum in

control znd minimum at 2 k rad in both the cultivars.



Table 4a, Tiller proéuction per plant (ev. Rio-~de-Jzneiro)

Gaxmna

Growth périod (months )

Treatments éggggiation '

(k rad) One - Pyo - Taree Four Flve Six

1 2 3 4 5 6 7 8
T, 0.7 3147 7.60 18.07 19.07 _20.06 20.10
T, 1.0 . 3.73 7.53 1%, 87 22,05 22.46 22,47
T 1.5 " 3.27 6.40 ™%.53 .17.33 . 18.26 18,32
T, 2.0 2.56 5.13 9.67 1%.73 5.0 15.10
Ty 0 Control 3.90 5.80 15.20 17.25 18.47 18.48

F value 88.uGH* Py 76wk 28,06%* 15.64%x  17,56%% 17, L9%x

CD (0.05) 1.8 4,06 5.9 7.05 6.68 6.66
SEm 4+ 0.55 1.25 1.81 2.16 .2.05 2,04

** Significant at 1% level

Gg



Table 4b. Tiller production per plant (cv. Maran)

Treatments g%éﬁion . ) | T Growth period (months) T _ .
doses One ' Two Three Four Five, Six
(k rad) ; ) : n ‘
1 2 3 -k -5 6 7 8
T, 0.7 3.00 6.6’7\ ™.27  17.05 17.32 1734
T, 1.0 " 2,93 6.73 13.93  .15.63 6.1 16.13
T, 15 2,27 . 4,80 10,00  12.1% 12.72 . 12.72
T, 2.0 B P B 3.20 . 7.33  10.33 10.50 10.53
Ty . 0 Gontrol 3.33 " 5.20 12.10 .50 15.50 15.54% -
F value . 38. 86#x 72, 17%% St 72%k% 26, ek 31.86%% 32, 56%%
SEm 4 . | 0.39 0.55 1.2% 1,66 ~ 1.55 ¥

& S4gnificant at 1%.1eve1
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Table 5a., Leaf production per tiller (cv. Rio-de-Janeirc)

Growth period (months)

Ireatuments miation —
doses One Two Three Four Five Six
, (ix_rad) . '
1 o2 3 . 5 6 7 8
T, 0.7 - 7.87 12.53 16.33  17.33 1750 17.40
T, 1.0 - 7.33 12,47 C15.13 16,19 16,19  16.27
I, 1.5 6.73 11.07 13.27 .84 15.04 15 04
T, 2.0 5.33 9.67 12.27  14.53 .53 .53 |
Ty 0 Control 9.70 . 50 17.60 . 19.83 19.93 19.93
F value 30,4 10,07 20.20%% 10,13%¢ 30.lke 30, 19%*
- CD (0.05) 0.92 1.85 ) 1;58 i 1.93 1.28 ) 1-28
SEm 4 . 0.28 - 0.57 - 0.48 0.59 0.39 0.39

** Significent at 1% lewel



Table 5b. Leaf production per tiller (cv. Maran)

Gamma, Growth period (months)

Ireatments dirradiation : ' _

' %ﬁsg:d) One: Two- - Three Four Five Six
12 '3 b 5 6 7 8
T, 0.7 8.80 13.60 15.13 16.17 16,17 16.20
T, 1.0 7.67 12.33 .48 15.43 1548 15.53
T, 1.5 7.73 1147 13.07 1%4.80 .80 .80 -
T, 2.0 _ 5.87 2.93 11.93 12.93, 12.93 12.93
Ty 0 Control 10.13 13.93 15.77 18.11 18.43 18.60
F value ( 13.11%= 7.95%% 2 67¢%  25.85%k 4, 98k%  18,30%e
CD (0.05) 142 1.89 - 1.02- 1.38 1.69 1.58
SEm 3 0.3 0.98 Q.31 0.%42 0.52 0.8

**8ignificant at 1% level

88
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4,2,1.5. Length and width of the leaves

The data on the length and width of the leaves
are presented in Teble 6a and 6b.and 7e and 7b. The data
Tevealed that the effect of the treatments on the length
and width of the leaves was highly significant. Length
and width of the leaves were maeximum in the control
plants, and minimum a% 2 k rad, in both cultivars, during
the  entire ‘growth period of the crop.

4,2,1.6, Leaf area index

AN

Data regarding leaf aréa index are ﬁresented in
Table 8a and 8b and Fig.3-1 and 3-2. Here again the
Itreatments differed significantly with regard to the leaf
area. In 'Rio-de-Janeirot maximum leaf area index was
30.13 in control and minimum 8,8 at 2 k rad. In 'Maran'
also the control planits yielded maximum.leaf area index
(25.7) and minimum (7.0%) at 2 k rad.

ll-. 2.1 o?o Legi : GOlour

Leaf COlbur was norﬁal in control (Plate I(z) and
II(a), whereas chlorosis of varying intensities waé
observed in all the irradiation treatments. Chlorotic
symptoms increased with the irradiation désages. The extent
of chlorosis was maximum in 2 k rad treatment (Plate I(b)
and II(b). ' " .



Table 6a. Leaf length in cm- (cv. Rio-de~Janeiro)

Treatments giﬁgiétion B Growth period (months)-
doses ' : .
(k rad) One Two Three Four ~  Five Six
1 2 3 b 5 6. 7 8
T, 0.7 15.37 "16.27 " 17.05 17.50 17.50 17.50
T, . 1.0 14,29 N 1-5.-79 16.08 16.43 16,43 16.43
7, 1.5 13.00 P22 . N7 15.18  15.18 15,18
T, 2.0 10.05 11.15 12.12 12.8% 12,8 12,84
> 0 Control  17.79 19.28 19.32 19.36 19.56 19.56
F value 25.98%% 28.12%% . 32,86%*  39.Lgex  39.LGsk 39 hoex
€D (0.05) 1.83- 1.85 1,94 - 15310 131 0 431
SEm 4+ 0.56 0.57 047 0.40 0.40

0.%0

wx Sionificant at 1% level

09



Table 6b,- Léaf-length in cm- (cv. Maran) -.

| Gamma' . . g
Treatments irradlation Growth perliod (months)

%‘: S ) - . .One Two - Three " Four Five Six
1 2. 3 b 5 6 7 8
T, 0.7. 19.19 20.93 21,04 21.0%  21.0% T 21,04,
T, 1.0 16.37 17.68  _ - 18.11 - 18.4%  18.1 18. 4k
T, 1.5 13.37 14,95 15.61 16.08  16.08 16.08
%, 2.0 11.58, 13.77 .59 4,65 1%.65 .65
Ty O (Contral) 19,18 20.05 20. 5 20.62 20.62 20.62
F value 3041y . 76%% L 55k 36,73%% 36,72%x 36, 708%
Cb (0.05) 2.0% 1.72- 1,45 - 1.5 1.5 - 1.5
SEm 4 0.63 0.53 0.l6 0.46 0.46.

0.k5

** Significant at 1% level

19



Table 7a. Leaf width in cm (cv. Rio-de-Janmsiro)

" Gamma : Growth period (months)

Ireatments irradiation :

((iﬁs?#:a) One - Two Three Four Five six
1 .2 3 ‘ N 5 6 7 8
1y 0.7 2.27 2.27 2.33 2.41 2,41 E-RS
T, 1.0 2.08 2.25 2.31 2.32 2.32 3.32
T3 105 - 2001 - '2003 2.05 2.10 2010 2.10
Ty, 2.0 1.73 1.86 1.90 1. 1.94 1. %
T5 0 (Control) 2.k2 2.4 2.51 2.58 2.58 2.58 -
F value i 17.51%% 13.0%» 17, 2w 9.89%* D.89%* 9.89%%
CD (0.0%) 0.19 0.21 0.19 0.26 0.26 0.26 -
SEm 4 ) 0.06 0.06 0.06 0.08 0.08

0. 08

*¢ Significant at 1% level

c9



Table 7. Leaf width in cm A(cv.‘ Maran)

Gamma-”

' Growth period (months) |
Treatments dirradiation . .
'%gsf,:d) One Two ‘ﬂu:'ee, Four Five Six
1 2 3 4 5 6 7 8
T 0.7 - 2.58 2.58 2.58 2.60  2.60 2.60
T, 1.0 2.34 2.39 2.39 2.1 2.41° 2,41
Ty - 1.5 1.99- - 2.05 2,07 2,09 2.1 2. 1
T, 2.0 2.15 . 2.19 2.19 . 2.19 2.19 2.19
T 0 (Control) 2.27 2. 2,56 . 2.56 2.56 2.56
F value 13. 175 15.70%* 21.510%  19,78%% 16,54k 16, 5%
CD (0005) 0019 " . 0017' ’ 0.16 0016 0017 ) 0.1'7' *
SEm o3 0.06 0.05 0.05 0.05 0.05

0.05

*% Significant at 1% level



Table 8a. Leaf area index (cv. Rio=de~Janeiro) -

Gamma ' Growth period (months)
Ireatments irradiation - P
doses ' Two ] Four Six
. (k Tad)
1 2 3 b 5
) 0.7 5.92 21 23.28
1, 1.0 5.29 o2tk o 21.36
T, | .5 2,65 " 13.16 .33
T oM, 2.0 ' 1.73 . | 8.62 8.80
Ty - ' 0 (Control) 6,70 - 27.68 30.13
F value ) - L LGk 9. 96** 13,30
cD (0.05) ‘ . _ 3.3 7.84 7.38

+* Significant at 1% level
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Table 8b. ILeaf area index (cv. Maran)

" Gamma Growth period (months)
Treatments irradiation ' -
~ ooy . - Two . Four Six
1 2 ' 3 b 5

T4 0.7 - 7o 2. 26 2k, 32

T, 1.0 . 5.6 17.06 17.70

T3 1.5 2.77 9.67 10.36

Ty, 2.0 ) 1.59 6.90 7.04

Tg 0 (Control) 5.92 2+.69 25.70°

F value 9, 35%* 11.28%* , 13.03%% '

CD (0405) 2.67 7.93 7.47

*% Significant at 1% level
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PLATE-I (a) Plant (Two months old) from wnirradiated
ginger rhizome, cv, Rio-de~Janeiro.



Plate 1 (a)



PLATE-1 (b) Plant (Two months old) from irradiated (2 k rad)
ginger rhizomes, cv. Rio-de-Janeiro.



Plate I (b)



Plate II (a)



PLATE-II (b) Plant (Two months old) from irradiated (2 k rad)

ginger rhizmmes, cv. Maran



Plate II (b)
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k.2.2, Flowering

4,2.2.1. Production of inflorescence

The data collected on various aspects of flowering
and pollen fertility are presented in Table 9a and 9b.

It was observed that the number of plants flowered
was meagre in all the treatments which varied from one to
2.6. However treatmen£ 1 k rad was superior in this respect.
In respect of inflorescence production per plant also the
same trend was almost noticed. Only 1 to 1.3 inflorescénces

on an average was produced per plant,

The average number of flowers per inflorescence
varied them five to nine., However maximum dose of
irradiation (2 k rad) accounted for least values in this

regard,

The time taken for first flowering was also not
much variable in different treatments), althoqgh treatments
1.5 k rad in cv. Bio-de-Janeiro and < k rad in cv. Maran
wés early to flower, the days teken for flowering being
136 and 128 days respecfively compared to 145 and 135 days
in control, Almost the-same trend was exhibited in respect
of number of days, taken for last flowering.

The length of inflorescence and inflorescence stalk
were maximum in control plots and minimum in 2 k rad in
both the ecultivars.

r



Table 9a. Floral characters (cv. Rio—dé—Janeiro)

-

Length

Gamma, Number Number of Number of Days Days Length Percen-
Treat-~ 41rradistion of infloreg- flowers taken for taken for of the 'of inflo-- tage of
ments doses .plants cence per first last inflo- rescence pollen .
(k rad) flowered pexr plant inflores- flowering flowering rescence stalk ferti-
cence (cm) (cm) 1ity
1 2 3 L 5 6 7 '8 9 10
T, 0.7 1.33 1.0 8.6 . 2.3 157 3.3 9.5 16.52
Ty 15 2.00 1.3 9.0 "136.0 155 3.3 9.2 '16.58
T, 2.0 1.00 1.0 5.0 %8.0 158 3.2 7.0 16.36
T; 0 (Comtrol)  1.33 1.0 7.5 45.0 160 3.5 . 10.0 16.11

L9



Table 9b. Floral characters (cv. Maran)

Length

Percen- -

Ganma Number  Number of Number of Days Length
Treat- irradiation of inflores~ flowers taken for taken of inflo- of inflo-~ tage of
ments dosea . Plants cence. per first . rescence Yrescence pollen
{k rad) flowered per plant inflores- flowering (cm) stalk ferti-
: cence ' flowering (cm). lity
1 2 3 i 5 6 7 8 ] 10
T, 0.7 1.0 1.0 10 128 140 3.2 8.5 17.0%
I, 1.0 2.0 1.0 8 135 150 3.2 8.9 17.08
T3- 1-5 1.0 1.0 6 138 152 ) :301' 8.0 16096
0, 2.0 1.0 1.0 6 138 150 3.1 6.0 16.97
Ty 0 (Control) 2,0 1.0 7 135 158 3.3 9.0 16.90
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Thus it was evident that the treatments had
played only very limlited role in the flowering behgviour
of plan ts .

%,2.2.2. Pollen fertility -

The data on pollen fertility in Table 9a and 9b
revealed that in general the pollen fertility was low in
all the treatments. However the pollen fertility was
"comparatively better in treatment 1 k rad compared to all

other treatments irrespective of the cultivars.

4,2,2.3. Pollen viability

No viable pollen was produced in any of the

treatments,
"“o 2e 201‘}‘. &!theSiS

The time of anthesis was observed as between 2.30

-

and 3,30 PM under Vellanikkara conditions.
%,2.2,5. Pollination snd seed-set

Seed-set could not be obtained through hand polli-
nation or bud pollingtion or using mixed pollen,

1

4,2,3, Yield
The data on yleld attributes are presented in
Table 10a and 10b, and Fig.lt-1 and 4-2 which revealed that
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Table 10a. Yield attributes (ev. Rio~de-Janeiro)

Gémma.. 'Number " Type of rhizomes = Yield Yield Pexrcentage Yield of Extent of root
irra- of — of per recovery of dry formation.
Treat- diation rhizomes Primary Secondary —rhizome hectare ‘dry ginger No.of  lenzin
ments doses  per rhigome  rhizome per (kg) ' ginger per Toots  of 8
(k rad) plant plant , . hectare per root .
. - (kg)- (kg) plant (cm)
1.2 3 L 5§ . 6 7 8 9 10 11
_ : .9 4
I, 0.7 2.0 2.0 2.3 0.208 10416.5 12.83 - 4336.38 32.65 19.95
T, 1.0 2.0 2.0 7.4 0.188 = H16.5 12.49 1176.12 27.76° 15.59
Ty 1.5 2.0 2.0 6.9 0.168  &416.5 11.90 1001.56  31.80 20.12
T, 2.0 1.6 @Lé} 6.2 0.132 6632.5 11.78 781.31 32,67 17,40
Ty 0 (Comtrol) 2.00  2.00 9.6 0.211  10583.0 12.90 1365.20 32,80 23.05
F value 1.0 1.0 T H.71er 12,08 0.91 0.33  2.45
CD (0.05) o.48 . 0.h48 1.4 - 30.38: . 1.78 12.09 5.93
SEm 4 0.15 0.15 - Okl 9.32 - - - 0.59 3.71 1.82

% Qjgnificant at 1% level

0L



Table 10Db.

Yicld attribute (cv. Maran)

Gamma Nunmber

Type of rhizomes

Yield TYield Percenté,ge‘ Yield of - Extent of root

irra- of - of per recovery of dry formation
preat- Giation xhizomes Primary Secondary  rhizome hectare dry ginger ———
ments doses per rhizome rhizome per (kg)} ginger perxr No,of Length
(k rad) plant plant hectare roots of
(kg) per plant root
. (cm)
1 2 '3 b 5 6 7 8 9 10 1
I, 6.7 2 2 5.9 - 0.197 9886.5 15.39 1521.53 - 36,97 16.71
T2 ‘ 1.0 2 2 Skt 0.178 8o934.5 1, 71 131‘%.27 33.27 20,62
Ts 1.5 2 2 4.8 0.161 8061.0 1445 1164+, 80 30.53 16,44
T, 2.0 2 2 L.5" 0.122 6100.0 1%.50 88&4.50 40.30 17.5%
Ty 0 (Control) 2 2 6.8 0.234 "11727.5 15.17 1779.06 36.73 20,22
F value 3.6%% 10 .68%% 1.09 0.98 1.81
SEm (s JIATS 12.8 0.55 3.79 1147

#% Siepnificant at 1% level



Jield, of vhizome pesr plant (9)

220,

8

-
5
4

8

5

el
»

>4
I

Scale | cm =209

o0 o7 to +35 2o

@amma_ rvadiation, doses

_u_u;..«?

(k vad )

Effect of qamma iviadiation,

on Be Yhizome uﬂn_a_
An<. Ris ~de ~ Hp:a._«ou

Yield Oc !’Aizorn.e per plmnl; (3)

220
200
180
SJ
140 ]
120
100

80,

Scale ‘lema= Nn.m

(o]

o-7

o 115 20

Giamma. irradiation doses

m._M . 4-2. Effect of gammra irradia tion

( k rad)

on e *hizeme yicld

ﬁ . Ban?v

h



72

the tréatments diff'ered significantly in respect of yield
of rhizomes per plant and production of secondary rhizomes,
Production of secondary rhizomes as well as plant yleld
were maximum in control. The number of primary rhizomes
remained constant in all the treatments (two) emcept in

the treatment 2 k rad in Rio-de-Janeiro (1,6). Yield of
.rhizomes per hectare was maximum in control, which decreased
gradually with increasse in the irradiation dosage. 4t 2 k
.rad, per hectare yleld of rhizomes was minimum in both the
cultivars. Regarding the percentage recovery of dry
rhizomes, the treatments did not differ significantly.

Root grthh vas almost similar in gll the treatments.

4,24, Quality

The data on quality factors studied are présented
in Table 11ea and 11b which showed that the treatment
effects were not significant on the essential oil and
oleoresin contents of ginger as well as on the oleoresin
of the ginger peel. However in both the cultivars, the
oleoresin content was higher at 1 k rad, compared to other
treatments, Oleoresin content in the ginger peel was
maximum af 1 and 1.5 k rad in the case of cv. Rio-de-Janeiro

and 2 k rad In case of cv. Mafan.



Table 11a.

Quality factors (cv. Rio-de~Janeiro)

8kin recovery

Gamma Essential oll Essential 0Oleoresin Oleorésin
Treatments irradiation in green oil in dry in green in dry (Oleoresin in
doses glnger ginger ginger ginger ginger peel)
(k -rad) (m1/1oo g) (m1/100 g) (mg/10e) (mg/1og) (mg/10 gl
1 2 3 b 5 6 7
7, 0.7 0.53 3.7 174.3 973.32 310.33
T2 1.0 0.53 3.86 179.0 976 .66 311.33
Ty 1.5 0.53 3.80 175.66 961.32 311.33
Ty "0 (Contral) 0.53 3.7 160.00 966. 66 306.33
F value - 0.76 0.62 2.26 0.50 . 1.18
CD (0.05) 0.17 0. 1% 16. 34 - 8.55 6.51

£l



Quality factors (cv. Maran)-

Table 11b.
Gamma Essential oil Essential Oleoresin’ Oleoresin Skin recovery
Treatments irradiation in green -0l in dry in green in dry (Oleoresin in
doses ginﬁer ginger ginger ginger ginger geel)
(k rad) (m1/100 g) (m1/1oo g) (mg/‘lOg) (mg/10g) (mg/10g
1 2 3 . b 5 6 7
T, 0.7 0.5 2,80 150.66 950.00 270.00
T2 1.0 0.5 2.86 153.33 960.00 296,67
T3 1.5 0.5 2.86 150.00 952.00 298.33
T, 2.0 0.5 2.80 151.66 950,00 300.67
T5 o (Contro}) 0.47 2.80 146,66 93,32 292.33
F value 0.13 0.12 2.51 2,00 6.146
0.1 10.17 6.98 5.93 20.93

CD (0.05)

7L



Table 12. Incldence of soft rot disease as influenced by
gamma irradiation

Tregtments ggmrggi t1on o Pércent.age_ of 'soft rot infec}tion '

doses . cv. Rio~de~Janeiro - @v. Maran

 (k red) S

T 2 : 3 k

T, 0.7 59.17 | Bw62
T, 1.0 57.63 52.73
4 1.9 47,27 53.86
T, 2.0 8.17 1.1
Ty . 0 (Control) 72.00 56.82
F value 39.61%% 168, 9%
CD (0.05) ' 12,64 - %,39-

#* Significant at 1% level
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4.2.5. Incidence of soft rot_disease

The data on the extent of infection due to
soft rot disease are presented in Table 12 and Fig.5-1
and 9-2. The data revealed that the treatments differed
significantly with regard to soft-rot infection.
Infection was maximum in control. The pe}centage of
infection gradually decreased with increase in the dose
of gamma rays and at 2 k ra& the iInfection was the minimum,
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DISCUSSION

G;nger (Zingiber officingle Rosc.) 1s one of

the ancient orient spices known to Europe and is still
in large demand today. It is always propagated vege-
-tatively and the number of'ciones at present available
, is rather limited. Hybridisation between clones and

‘related species continued to be a difficult tésk in
ginger as flowering rarely occurs and sSeeds are rarely
produced. In this context gene mutaiion assumes consie
derable 1nmortanéé for further progress as thex provide
thé raw material for evolution as well recombingtion and

-selection.

_Therefore investigation was undertaken to find
out the stimulatory and/or mutagenic effects of gamma
radiation in ginger. The results of the studies are

discusged‘here.
5.1. Rhigome germinaftion

Iyré&iatién treatments produced inhibitory effect
'.on the germlnation of ginger rhigzomes. Even the lowest
dogage was not an exception. While the control plot of
CV. Rio-de-Janeiré gave germinatlion percentage as high

as 9.4, the same was oﬁly 33.3 at 2 k rad level. In case



of cv. Maran the germination was still lower. No
germination of rhizomes occurred in treatments 4 k rad
and above. Further, in control plot earlier germingtion
of rhizomes was noticed, which indicated that the '
irradiation treatments delayed germination. The aforesaid
observations are in conformity with earlier works.

Raju et al. (1980) could observe only germination to a
tune of 32 per cent, by irradiating ginger rhizomes with

2 k rad gamma rays. Dosage of 5 k rad gamma rays prevented
total germination in ginger according to Gonzalez gt al.
(1972). Higher germination observed in the field triel
can be attributed to the variatlion in the climatic and

soll factors.

Suéh inhibitory effects on the germination in
vegetatively propagated drops have been reported by many
workers. Vijayalakshmi and Rao (1960) found 300 rad of
gamma rays as the upper limit of safe dosage for satis-
factory germination and growth in sugercane. Moh (1963)
standardised the lethal dose of gamma lrradlation at
3 k rad for cassava. Dosage of 3 k rad gemma rays was
lethal for germination of camnna rhizomes (Mukherjee and
Knoshoo, 1970). Velez and Maldonado (1972) advocated
the dosage of 5 k rad as upper limit for banana. In
costus, 3 k rad treatment inhibited sprouting of rhizomes
as reported by Gupta et al. (198é). Uzenbaev and
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‘Nazernko (1969) observed delayed germinatién in gladiolus,

in treatment using 5 k rad gamma rays.

Reduced sprouting of rhizomes of erops at higher
doses of gamma irradiation was due to direct killing of the -
cells and higher rate of ionisation in the nuecleil.,

5.2. Yegstative charscters
5.2.1.Height of plants

Significant difference in plant height was,evident
among treatments. Control accounted for maximum height
- du;ing the entire growth phases of crop. The plant height
decreased corsistent with the increase in irradiation
dosage. In both the cultivars, minimum plant height was
recorded in treatment 2 k rad; Similar results have been
reported in other craps by a few workers namely Uzenbaev
and Nazernke (1969) in gladiolus, Escober‘and Lopez (1970)
in sugarcane, Velez and Maldonado (1972) in banana and
' Gupta et al. (1982) in costus.

5+2.2. Tiller production per glanf

, Tiller prodﬁction per plant differed significantly
in different treatments and minimum tiller proeduction was
observed at 2 k ?ad. In cv. Rio-de-Janelro maximum '
. tillers per plant was produced at 1 k rad, whereas in

ev. Maran, it was in 0.7 k rad. These observations were



in conformity with egrlier works. Gupta (1962) had
observed decredsed production of branches in portulaca
at higher doses of gamma rays. Again, Gupta et al.(1982)
reported that in costus, the number of branches per
plant increased at 1.5 k rad, but deoreésed at 3 k rad

treatment.

5.2.3. Lesf production per tiller, length =nd width of
1eaves,'1eaf ares index and. colour of leaves

Gamma irradiation has been found to influence
not only the leaf production, but also the length and
width of individual leaves congequently the leaf area ‘
index. Maximum values for all the characters were obtained
in control plot. With the increase in the dosages of
irradiation proportionate redubtibn was caused in leaf
production length and width 05.1eaves and leaf area index.
Again, the treatment 2 k rad contributed for minimum
values for all the characters. Reduced plant helght and
tiller production might be contributory factors for

reduction in the above characters.

The results obtained in the present 1nvesfigation
agree with the earlier workers. Uzenbaev and Nazernko
(1969) observed production of smaller leaves in gladiolus
when the corms were subjected to 5 k rad gemma Rays.

Gupta et al. (197%+) working on tuberose found reduction

in leaf production due to irradiation. In costus gamma
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irradiation caused reduction in leaf production and leaf
size (Gupta gt a1., 1982).

Another interesting feature noticed was that the
leaves . of irradiated plants i)ossessed yellow streaks
besides reduced leaf size. Production of chlorophyll mutant
leaves with yellow or vhite streaks that too of abnoﬁﬂ
size, through irradlation is a matter of interest in
ornamental horticulture., Raju et gl. (1980) have reported
such a phenoménon in ginger., Variations in leaf shape and
colour have been observéd in costus b‘y Gupta et al. (1982)
when gemma irradiation was resorted to. Leaf variegatlons
due to gamma irradiation have been reported in a few crops
by many workers namely, Nakornthap (1965) in Canna,/ Vasudevan
| et al. (1963) in colocassia, Ono (1971) in mentha, Velez
and Mgldonado (1972) in benena, Gupta et al. (197%) and
Konzzk (198:+) in tuberose and Escober and Lopez (1970) in

sugarcane.

Ay

The leaf abnormglities consequent of irradiation
might be due to ‘chromosomal aberrgtions, 'change in the
route of auxin gynthesis, distrib;.ltion or disruption of
mineral metabolism or accumulation'of fz:ee amino aclds
(Gupta et al., 1982). Laxmi gt 21. (1980) have contended
thaf chi:ﬂe;ra formation in leaves due to gamma irradiation

might be due to the multiéelll_:lar nature of the tissues,



The present study, however, has not helped to
‘aphieve stimulatory effects on vegetative characters of
ginger at the irradiatlon levels tried, although some
workers have claimed varying degrees of 'success’ in certain

other crops.

¥While Sparrow (1966), Serebrenikov (1971), Pavlova
(1972); Desal and'Abrgham (19%7%), Guptalgg‘g;, (1982) -
and Pavlovic et al. (1983) have claimed growth stimulation
due to gamma irradiation in gladiolus, lilly, potafo,
vghrysanthemum, canng, costus and ﬁggggg_piger;ta respectively,
Banerjee (1976) and Escober and Lepegz (1970) failed to
induce sﬁﬁmulatory effects through gamme irradiation in

crops like Zephyranthus and sugarcane,

The above facts indicate that different erops behave
differently to gamma irradiation and its dosages, which
again is influenced by environmentsl conditions as sugéested
by Raju et al. (1980). ’

The present study has indicated that there is scope
for experimenting with gamma irradiation of doses below
0.7 k rad to induce growth stimulation in éingér; The levels
tried in this investigation qight have caused inhibition in
mitosis or cell elongation as has already been reported
by Gray (1954%).
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5.3. Flowering

- A

In ginger flowering occurs very rarely, that too
re stricteq to a very few cultivars. Favourable effects
of gamma rays on flowering of some of the vegetatively
propagated ci'ops namely, zephyranthus, gladiolus, and
dahlia have been reported by Spez;cer (1955), Dryagina énd
. Kazarinov (1972) and Sigurbjornsson and Micke (1973)
>respe;:’cively.\ But in the investigation taken up, the range
of 0.7 to 2 k rad of gamma irradiation did not help to
contribute favourable effects on flowering. Rawkin (1970),
Gupta et g:t.__. (197%) and Gupta _e_§ ;a_l___. (1982) have reported
inhibitory effeéts of flowering in strawberry, tubergse

and costus respectively due to gamma irradiation.

The pollen i‘ez;tility varied from 16.%1 /‘to 17.6k

. per cent in'different gamma ray treatments, the variation
between the treatments being negligible. However a slight
increase in pollen fertility could be obtained at 1 k rad.
- The extent of pollen fertility obtained was almost simller
to the values reported by Usha (198%). She had observed
16,per cent fertile pollen in ginger under Vellanikkara
cc;;xditions. But ligtnambal (1979) has reported 8.6 to
45,6 per cent pollen fertility in ginger under Calicut
conditlons., Thus it was e\/rident‘ that the dosages of gamms
“drradiation tried did not improve the pollen fertility

in ginger.
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° Pollen germingtion could not be obtained in any

of the treatments. This ppeﬁomenon was similar to that
observed by Decourtye (1970) in apple. In apple, the
irradiation has an inhibitory effect on pollen germination,

| In this study, gamma irradiation did not help in
achieving seed-set in ginger, Pollination gith mixed
pollen was also not effective, indicating thereby that self
incompatibility alone is not responsible for failure of
seed-set in ginger as postulated by East (194+0) and
Fryxell (1957). Ramachandran (1969) and Ratnambal (1979)
hage reported that chromosonal aberration during micro and
megasporogenesis might be the reason for lack of seed~-set
in ginger. The dosage range of 0.7 t0 2 k rad gamna
irradiation used in this experiment was not effective in
overcoming the problems of flowering in ginger,

Not much is known about flowering behaviour of
ginger. In-depth studiles in ginger on the actual mechanism
of flowering and factors controlliﬂg flowering and seed-set
have not ﬁeen canducted so far. The need for such studies

is stressed.

5.+, Yield

Gamma irradiation is found to influence yield
attributes in ginger. Highest yleld was obtained from



controi. There was reduction in yield as the irradiation
dose increased. cbnsequent%y, the yield obtained from
plots under treatment 2 k rad was.the lowest., The low
yield obtained in treatments could be altributed to the
reduction caused by gamma irradiation on plant growth, leaf
afea index, size and growth of rhizomes particularly
secondary rhizomes, Similar findings have been reported
earliler by Raju gg_g;, (1980), who found formation of

" weaker and elongated underground rhiéomes in ginger due to
2 k rad treatment. In costus also, similar reduction in
rhizome yield at 3 k rad treatment was found by Gupta et al.
(1982).

The ,treatment effect on the recovery of dry ginger
was also not significant in the study. .

‘Thus the levels of gamma irradiation tried in this
investigation have not helped to induce any stimulation .
in the yleld attributes of ginger. The possible reason for
the same have already been discussed in Section 5.2.3.

5@Ei ggélitx atir;butes ‘

Gamma irradiation at the levels tried did not
influence either the essential o1l or the oleoresin content
of botp green and dry gingers and also the oleoresin of
7ginger peel. But a slight increase in the oleoresin content
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. was perceptible in 1 k rad treatment in both the cultivars.
The reports avallable on other crops on these aspects

are also contradictory. Gupta (1969), Mital et al.(1972),
Kaul and Kek (197%+), and Pavlovic gﬁugi. (1983) have
testified increased synthesis of essential oil due to gamma
irradiation in certain aromatic plants such as Cymbopogon
martirl, Mentha arvensis and Mentha piperits. On the other
hand, Lata‘and Gupta (1971) have reported that flowers of
rose produced lesser oil when the buds were subjected to
irrédiation before budding, In costus, according to

Gupta et al. (1982) diosenin content increased at 2 k rad

where as 1t decreased at 3 k rad.

Such variations in the synthesis of essentiagl oil
oleoresin and alkalold might have been due to promotive
or inhibltory influences exércised by gemme rays causing
physiologlical and bilochemical reactions leading to the

synthesis of thése compounds. «

5.6. Ihcideﬁce of goft rot digease

In the present study- the incidence of soft rot
disease was lower in all gatma irradiation treatments
compered to control., With the increased dosages, the extent
of incidenée got reduced, the minimum incidence being
obtained in 2 k rad treatment. It is inferred that the

gamma Tays had direct effect on the genes governing the same.
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But this favourable result will be of gignificance Iif
only it occurs together with high yield and ﬁuality of
produces., However, a few workers have succeeded in using
gémma.irradiation as a tool for imparting disease
resistance in a few crops like menths, potato, Abelmoschug
manihot and Stenatophorus secundatum (Onoc and Ikeda, 1970;
Kishore, 1963; Kuwada, 1967; Toler and Grisham, 1983). -

Thus the present investigation has revealed that
even though the dosages of 0.7 to 2 k rad were not very
promising, scope exists for undertaking further studies
adopting lower éoses of gamma Trays below 0.7 k rad with
the objectives of obtaining higher'productivity, quality

and disease resistance in ginger,
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SUMMARY

- Investigation was carried out at the College of
Horticulture, Vellanikkara, during 1983—8# on the effects
of gamma irradiation.on germination; vegetative'gfowth,
flowering, yileld, quality attributes and incidence of -
‘soft rot disease in ginger, The results obtained are

summarised below.

"t

1. Irradiation treatments produced inhibitory effects
on the germination of ginger dhizomes. The germination
percentage decreased with increase in ihe irradiation dose

and no germination was bbserved at & k rad and above.

* 2. Significant difference in plant height was evident
among treatments., The-plant height decreased consistent
with the increase in irradiation dosage.

3. Tiller production per plant differed signifilcantly
in different treatments. Minimum tiller production was
observed at 2 k Trad, while maximum observedAat 1 k rad in
Rio-de~Jgneiro and 0.7 k rad in Maran,

‘4. Gemma 1r&ad1at£on.has been found to influence
the leaf production as well as the léaf size., With the
increase in the dose of gamma irradiation, proportionate
réduction vas caused in 1eaf production leaf size, ané leef
area index. The leaves of irradiated plants possessed
yellow stresks. -
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5. Flowering behaviour of ginger could not be
eltered by the levels of gamma irradiation tried. Anthesis
took place between 2.30 and 3.00 PM. A slight lncrease in
the pollen fertility could be obtalned at 1 k rad. Pollen
germination could not be obtained in any of the treatments.
Gamma irradiation did not help in achleving seed-set in
ginger. Pollination with mixed pollen was also not affective
in inducing seed set.

6. Significant difference in yield was observed‘
among treatments. Better rhizome growth and higher yield
was obtained from control, and the yleld reduced as the
irradiation dose Increased. The treatment effects on the
recovery of dry ginger and root growth were also not
significant. ‘

7. Gamma irradiation at the levels tried, did not
influence ;ither the eSsenﬁial oil or the cleoresin content
of both gree and dry ginger, and also the oleoresin of
ginger peel.

8. Incidence of soft rot disease was lover in all
gamma irradiation treatwents compared to control, With the
increased dosages, the extent of inci@ence Cgat_~Fedutad
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Appendix I. Weather data during the pei‘iod of plant growth - April to December, 1983.

Témperature (°c) Relative humidity Total Rainy Total

Month - 0730 1430 fan Shine

. Minimum Maxlmum hours hours Yean i hours

1 2 ‘3 L 5 6 7 8 9
April 25.80.  36.20 - - 66.00 - - 270.90
. May 25.50 35,10 - - 69.00 3740 3.00  240.50
June 24,50 31.90 90.00 69.00  79.00 387.20 19.00 113.80
July 23.70 29.70 9%.00 79.00 87.00  580.60  21.00 89.50
August 29.10 23.80 93.50 80.4.0 87.00  754.70  26.00 61.30
September 29,50  23.40 93.00  75.00 8:.00 49.16  24.00  108.00
October +31.20 23.10 90.00 64.00 - 77.00  149.80 6.00  215.80
November 31.80 22.30 g4, 00 58.00 . 71.00 60.20 3.00 244,90
December 31.20 23.90 71.00 55.00  63.00 24 1 3.00  215.60

Source: K Meterclogical Observatory, Vellamikkara



Appendix IT - Analysis of varlance - Mean sum of squre values

cv. Rlo-de-Janeiro cv. Maran
Character : , —— '
' Treatment Error Treatment’ Error
4 2 3 L 5
Number of rhizomes germinated 398.17 . 8.82 769.60 16.19 -
Hays teken for germination 73.07 2.46 84.66 5.07
Plant helght 146,29 2.09 128.56 4,25
Number of tillers per plant  21.88 12.51 23.35 7.07
Number of leaves per tiller 13.92 0.6 12.83 0.70
Length of the leaf 19.01 0.48 . 23.26 0.63
Width of the leaf 0.19 0.02 0.13 0.01
Leaf area index 204.18 15.35" 20%, 7k 15.71
Number of secondary rhizome 6.82 0.58 2.48 0.68
Yield of rhizome per plant 3176.36 260.35 5251.36 491,66
Percentage recovery of dry rhlzcme 0.81 0.89 0.52 0.47
Number of roots per plant 13.85 41,28 42,26 42.99
Length of the Toot 24,38 9.93 11.72 6.148
Egsential oil in green ginger 0. 001 0.008 0.001 0.005
Essential oil in dry ginger 0.003 0. 008 0.001 0.008
Oleoresin in green ginger 170.43 75.53 24,93 9.93
Oleoresin in dry. ginger 10.43 20,68 27.50 18.75
Oleoresin in ginger peel 1. 09 11.95 57.25% 123.67
Percentage of soft rot infection ' 1782.66 45,00 1136.72

6.73
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ABSTRACT

Investigation was earried out at the College of
Horticulture, Vellanikkara, during 1983;8‘+, to study the
effect of gamma'irradiation on germingtion, vegetative
growth, flowering, yield, quaiity attributes and incidence
of soft rot disease in ginger using four doses of gamma
rays (0.7, 1, 1.5, 2 k rad), Irradiation treatments
produced inhibitory effects on the germinétion of ginger
rhigomes. The plant height, tiller production, leaf
production, leaf size and leaf area index decreased with

the increase in irradiation dosages.

Flowering behaviour of ginger could not be altered
by the levels of gamma irradigtion tried. Rhizoﬁe yield
reduced as the irradiation dose increased. The treatments
did not differ significantly with regard to essential oil
and oleoresin content of both green and dry gingér;
roieoregin of ginger peel’and percentage ‘recovery of dry
rhizomes._ However,.the incidence of s$oft rot disease could

o

be highly reduced by gamma irradiation.



