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1. INTRODUCTION

The turmeric of commerse is mainly the dried rhizomes
of Curcunma longa L. %o & small extent, it also includes <he
rhizomes of Curcuma aromztica Salisb., In India, it is majauly

valued for its use as a spice end as an iungredient in medici~
nal preperations. Emaller guantities of turmeric are being
uzed for the preparation of cosmetiocs. In foreign couniries,
the denand of turmeric is mainly for curcumin which iz used

as colouring material for food, wooly silk and coiton. Curcumin
ig algo in demand in the Middle East, Japan, U.S.A., Bongland

and other Eurcopean cownitries,

The egtimated world production of turmeric is around
146 lakh tommes of which, the conitribution of India is about
1.5 lakh tomnes (9%.7 per cent). In India, turmeric occupies
avout 77,400 hectares. Andhra Pradesh, Tamil Hadu, Bihay,
Origsa and Kerala are the important turmeric producing states
of India.

Planting of turmeric in India commeness from April and
continues upte the end of Junc. Differen’ seed size amd
gpacings are being adopied bty the cultivaitors of this Grope.

The factors like plenting iime, spacing and velghi of planting
material have exhibited profound influence on the morphological
and yield characters in crops like ginger (Rnan, 1959;

Thomas, 1960; Ioknath snd Das, 19643 Kennax snd Nair, 1965



Ajyeadural, 1966; Nsir and Vayma, 1970; Rendhewa snd Nendpuri,
19703 Rendhawa gt al., 1972§ ¥ingra and Guptia, 1977;

Siven, 1979 and Whiley, 1981) emd Costus (Sariu gt al., 1977;
Pandey et al., 1980; axd Sharma st al., 1950) which are

related to turmeric.

A fevw attempte have been made to undersiand the iamfluence
of these factors on the productivity of turmeric. in a
spaeing trial conducted 2t Vellaniltkara, planting turmeric
at 25 x 25 em gove mexinum yield. However, the trial dié not
yiseld comclusive resultc {imon., 1980). In amother trial,
large mother rhizomes (35=44 g) gove significemtly superior
yield over ithe other treatments (Anon., 1980). These trials
pointed to whe need for detziled systematic studies on the
influence of ithese factors am well as their inderactions om
tho grouth and production parmsmeters. The preseal studies
uere, thersfore, imitiated ad the Collsge of Horiticuliwre,
Vellanlkkara with the objeotive of finding cul the opiimun
spacing, weignt of plemting material and time of plemting

for commercial cultivaition of turmeric im Kerala.
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2. REVIEW OF LITERATURE

Though the importance of jurmerie as a gpice and

nedicinal plont is well kuown, no systematic ressarch secems

to have been done on asceriaining the optimum time of plant~
ing, seed size zud spacing for turmeric cultivation. The
rield and quality of turmeric are influsnced by the ocultural
practices and the climatic comditions under which the crop

is growa (Nair, 1980). In this chapter, an atiempt has been
made to trace the available research informaiion on these
lines of work. AHeview of relevant literature on related crops

has also been presgented.

2.1, Turmeric

2.1.7. Tine of pleniing

Sarma and Krishnemorthy (1965) reported that delayed
plenting produced comparatively lesser number of leaves, They
also observed variation in the performence of the plants undeyr
different peasons. While they observed greater variation in
leaf size, tiller production, plani heighi and yield for every
fortnisght's delay in planting of finger rhizomes, no such
effeets wore obgerved when moiger rhizomes were planted.

Sarma end Krishnemurthy (1965) felt thal turmeriec cau ke planted
frem June to Auguet under Andhra Pradesh conditione. They
reported that plant height was very much influenced by the
plenting time and neture of the planting material.



Aigadurai (1966) reported that the second forinight of Juns
was the optimum period for plenting 'short’ and 'medium'
duration varieties undor Andhra Pradesh comditions, while

for 'long' duraiion varietiee it was between 19th June and
15th July. Randhowa and Misra (1970) reported that planting
from the end of April to tne Liret fortnisght of May of lawge
sized seeds (welghing about 100 g) at 22 x 22 cm spacing gave
the beet results. In an oxperiment conducied at the Temil Nadu
Agricultural University, Coimbatore it was found that first
weelk of May to Srd week of June was tue best time for planiing
turmeric (Ratinam ond Ssnkeran, 1977). Plauting during July
and August gave poor yields. Hari et al. (1978) observed thed
planting from May first to tenth was sigrificantly superior

to the other plamting dates, for meotiing betier growih and
yield of the rhizomes. While Rao {1979) preferred May %o
Augnst, Anjeneyuln end Krishnemurthy (1979) found July as the
beet planting time in the Duggirala region of Andurs Pradesh.
Agcording to Nair (1980), yield in turmeric will be influenced
by the planting time, The optimum %ime would very depending
upon the varieties, planting material and the agro-climatic
conditions, In Kerala, the period of omo month between 15th
April to 15th May wes fouwd to be the best time of planting
(Uair, 19503.

2e1e2e Snaemg

Said end Hussein (1964) rsporied thet highest yields
were pbiained with 30 om (12") imter-row and 15 em (8")



inter-glant spacings and sowing on flat beds rather then on
ridges. % spacing of 25 x 25 am for "flat bed” method and
45-60 oa between rows and 25 em between plante for “ridge and
furrow” method was found to be the optimum (Aiyadwral, 1966).
Iower plant spacings gave better resulis as compavred to
higher ones (8aid znd Altaf, 196%; Randhews and Nandpuri, 1966).
Rao gt al. (1975) recommended a spacing of 46 x 23 cm in
black clay loams end 30 x 15 em in light loams. Accerding to
Sundararaj and Thulasidas (1976), 15-20 cu spacing was the
optimun, Under Kerala conditions, @ opacing of 30 x 15 cn
has been recommended under “fint bed” system (inon., 19B) ).
Rao (1979) felt that ke specing of 30 z 20 ocm wasm better.
Anyapneyulu and Krishuemurthy (1979) ovserved that yields were
highest from the plots with whole mother rhizomes spaced at
22,5 ¢m with 30 em between the rows. Hajput ex gl. (1980)
reported that spacing of 30 x 45 em produced significantly
more yield than the other spacing treatments im turaeric.
Ponnuswany end Muthuswany (1981) observed that the epacing
45 cm x 20 o recorded ithe highest number of tillers per plami,
nunber of primery aad seecndary rhizomes snd yield per ploth
vwhen compared to other spacings. When the spacing was leoes,
it affected the growih sand development of plants due to com=
petition for nutrients and other resources. Increasing the
spacing to more than whait ls required, reduced ihe percentage
utilization of land and thereby, the yield.



2.1s3. Weight of rhisone

Hussain and Said (1965) reported that the use of
rhizomes having 3.81 cm (3%") Qizmeter resulited in signifi-
cantly higher germinotion perceniage and fresh yields than
thoee obtained from the use of smaller eized rhizomes or
whole or divided cenitral rhizcomes. Daoed on a critical
enalysis of the morphologicol amd yield data in different
cultivars of G, longa and €. promatica, Wembiar (1979) con-
cluded that the final yicld would be influenced by the weight

of the sgeed material, sincs a progressive increase in yield
wvas observed with the increase in the weight of ithe sesd
rhizomes. Population studies as wsll as studies on the
effect of planting date and weight of raizome on the growtih,
yield exd quality consiituents in turmeric are few. Hence,
the following review traces ihe work on these smd related
agpects in ginger.

2.2. Ginger
2elste Time of Qlan'bi_z_lg

Khan (1959) observed that the yield could often be
doubled by early pleauting. Thomap (1960) reported that
planting by 15%h April geve significantly higher yields.

He obmerved that even smaller delays in planting reduced the
yield appreciably. It wae found that the date of planbting

of seed rhizomes influenced the yield very much and that the
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earlicet planting by the st April gave the highest yie
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Planting seed rhizomes of ginger oarly by firet April gavé R

Liova
significantly higher yield than the traditionsl way of under-
taking planting of seed rhizomes during the month of June.
Kempsn and Nair (1965}, Aiyadurai (19663, and Nair end Varma
(1970) reported that carly planiting of ginger (by the first
week of April) was the best under Ambalavaynl condillione in
Kerala., A& reduction in yield with delayed planiting has been
obgerved by these workers also. Randhawe gt gl. (1972)
reported that ihe early planted (ist, 10th and 20th May)
ginger had beitter growth améd yield than ginger planted on
%0th May and 10th June,

2.2.2. Spacing

Ioknath apd Das (1964) found the spacing of 15 x 15 en
as the best for obtaining higher yields in ginger. 7Trials
at Ambalavayal conducied by Kemmen end Heir (1965} showed
that the closer spacings of 22.9 X 15,2 cm and 22,9 x 22,9 o
vere bebier than the wider spacings like 30.5 x 15.2 om and
30.5 % 30,5 em. Alyadurai {(1366) found that, under Thodupuzha
conditions, a ologer spacing of 15 x 15 en gave subsiantially
higher yield. Randhewa end Nandpuri (1970) found 25 ca between
rows and 1% to 20 cm betwsen plents as the optimum spacing
unfer Himachal Pradesh conditions. Randhawa gb al. (1972)
reported aighest yieclds from 20 x 20 om and 20 x 30 cm spacings.



Kingre snd Gupte (1977) recommended a spacing of 30 x 50 enm
under Himachal Pradesh econditions. Sivan (1979) reported
that highest toital yield/ha as well as net yield/ha were
obtained at the closest spacing (60 x 10 om). Average
yield/plent, however, was highest at the widest spheing

(60 x 30 em). Whiley (1987) reported that inereased plant
density reduced the “time te first harvesi" and increased tae
yield.

2.2.3. Weight of ploating matecial

A geed rate of 1200~1400 lkg/ha wao recommended, based
on tWwials conducted at Anbalavayal (lizir end Varma, 1970).
A marked and progregsive increzse in yield was noived as the
size of the egeed bit was increaced. Ine highest yield was
obtained when the seed bit was 28 g. Rapdbawa and Nendpuri
(1970) found 125C kg seed/he as the optimua sced rate, with
each opeed bil being about one oumce (28 g) in weizhi.
Themkomma Pillai (1973) reported that a sead rate of 1800 kg/ha
vas the beat for better tillering, height of plamt and weight

of rhleomes.

2.3, Other relevent erops

2.%.1s Cosltus gp.

Acoording o Sardwn gi al. (1977), the cptinum sprouting
(above 95%) occurred when the rhizomes were planted during
Apri) and May. The rhizemes plenied durlng Juns and July



recorded 35 per cent sprouiing within 60 days. Those planted
aftervards chowed & sharp decline in the pevcenitage germina-
tion and the planis were unsblo to complete their full amm)al

gyecle of growth.

As regards spacing, Sarin and his co~workers reported
in 1977 that the spacing could be reduged in the case of crops
b0 be harvested six to nine months after planting. TPandey
et al, (1980) found that mime planis per square metre gave
higher yields than three, four oy six plents per sguare metre.

Pendey et al. (1980) worked on the weighi of planting
mater.al to be used to reslise maximum yield. They obiained
axmual ylelds of 1.24 kg ger plent by planting rhizomes
welghing about 75 g. Sharma gt al. (1980) concluded that the
germination percentage, nunber of shools per plant, number of
leaves per shood, number ¢f leaves per plant, and yield of
rhizome and diosgenin were significzntly increased with en
increase in the welght of planting maelerial upto 125 g,

203.2“ g’-aﬂ

4 comparison of dry-scason and rainy-season plantings
of yom was made by Onwueme (1977a). The dry=-season planting
was feund to have the advantage of giving an earlier harvest;
but this advanitage was small if the rainy-season plenting was
done eerly emough. On the other hand, rainy-season planiing



10

reguired a much shorier time from planting to harvesiing than
the dry season planting., In the norihern foresti zone of
Nigeria, February or early Mareh plantings have been recommended,
even though the rains do not become regular until late Hareh

or April. It hasg been reported that the lator mne plantings,
the lower were the yileld obieinadble (Chinwubz, 1971; Lol and
Hahn, 1973%).

As regards gpocing, the bigger the setd the wider the
spacing (Omwueme, 1978). It has oleo been suggestied
(U.8:.D.0, 1972) that wider spacing should be used in heavy
goils end if siaking is not intonded,

Ap regards the welght of the planting material, the
greater the welght of the sett used, the greater would be
the weight of the twber produced by that plent. This relation~
chip vetween sett weight and yield has been repeaiedly oon-
firmed in various experimente (¥isge, 1957; Onwueme, 1972;
Iyonga gk ale., 19735 Wwoke gt al., 1973). It was also obser-
ved that large setis gave rise io & more vigorous plemt than
amall sette even if boih mprouted and emerged at the same
time (Ouwueme, 1972¢ Buyi, 1973; Nwoke et zl., 1973). The
vine dimmeter, numger of leaves per siond, and leaf area per
gtand were found %o be greater for the large-sett planting
than for the cmall-sett plonting. According to Hwoke gt gl.
(1973), the main effect of large sett size was to produce 2



it

vigorous initial growth of root, vine and leaves which gave

the plant an sdvaniage that lasited throughout the growing
season. 1t has alzo been obussrved that large setds had more
food material which could be tramslocated direetly to the

new tuber (Onwueme, 1975b). In addition, plants from large
setts produced a greater numbeyr of tubers per stand than

plante from small setts (Ounwueme, 1972). Large sett weights
ranging upto 4.5 kg have been used for planting (Coursey, 1967).
Even though yam plenits eam grov from sprouted pleces as little
ag 5.0 g (Onwueme, 1978), commercisl production of yams uti~

liged setis in the 150 g range and heavier.
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3. MATERIALS AND METHODS

The investigations were carried out at the College
of Horticulture, Vellanikkers during 1981-82.

The erea gelected for the experiment wes fairly level
end uniform, with good drainage. The soll was red losm.
Kapturi Tanuksa was the test variety.

3.1, Experimental details

The trial was laid out in split-split plot desisn with
three replications.

3.1.1. Zreatments

HMain plot: Date of plemting (T)
T, =~ Begimuing of May (1-5-81)
T, - Middle of ey (15-5-81)
TB - Begimning of June {(1~6-81}

Sub plot ¢ Spacing (8)
54 - 10 x 20 cn %o accommodate 150 plants/plot
8, = 15 x 20 cm %o accommodate 100 planis/plot
53 - 20 x 20 ea to accommodate 75 plants/plot

Sub-sub plot: Weight of rhizome (W)
w1 -20 g
Wy =~ 40 g
w3 - 680 g



i3

Heplications - Threa
Plot gize (mot) «3Sm=x1n
Total number of plots = 108

%e9e8e Cultivabion

the lend was plounghed well and raised beds of sige
3mx 1o and height 25 em were formed with 30 cm wide
chopnels around sach plot. A fertilizer dose of 30:30:60 kg/ha
of N, P205 and K,0 was spplied in addition to 30 %onnes of
eattle mspure as per the paclkage of pracitioss recommended by
the Kerala Agriculiural University (Anoz., 1981). Nitrogen
was applied in two split doses, at 30 days and 60 days after
planting. The whole of 9205 and K20 vas applied ms basal
dose at ihe time of plamting. The rhizomes wore trested with
Dinecron (Phosphamidon) at the rate of 0,5 ml/litve end
brgtam 6 (6 per cent mercury as methoxy ethyl mercury chloride)
at the rate of 3 g por kg of sesd materisl before sowing.
Dimecron {0.5 mi/litre) and Dithane Z-78 (755 zinc eihylencbis—
dithio carbanate) at the rate of 2 g/litre were mized and
sprayed 60 deys end 120 days after planmiing. After planting,
the bedeo were upiformly mulched with leaves of the Dupatorium

odoratun,

%.2. Seapling techniques
The entire population in the plot was itaken for recording
the germinaticon peroentage and the yield of green rhizomes



per bed., %Ten plants in each bed were merked at random for
recording the leaf cheracters, biller characters, height of

the plemt and nunber of rhizomes.

Harvegting vas done on the 270th day after planting
(Philip gt 2l., 1930) when the leaves had dried in most of
the planits. The ten plants marked from each plot were lifted
individually for recording the various cbservaiions. The
remaining plents were harvested and the weight of rhizomes
recorded after proper cleaning. For chenical analysis, the
dried samples of the rhizomee were ground in a Maltiplex
grindar, pagsed through a 60 mesh sieve and utilized for

subsequent analysis,

Fe3e Obgervations

3+3.1. Goraination

The number of rhizomes germinzted out of the rhizome

bite planted in each plot were recorded.

3.3.2. Height of zhe plants

The height of the plent was measured at two months
intervel after planting. %The majn plent in the cluap was
taken for recording the height and leaf chevacters. The
measurement vas taken from the ground level to the tip of the

topmost leaf of all observational plsnie, averaged and eyprossed

in centimetres.
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5e5e5. Humber of tillers/plant

The number of tillers per plant was recorded in the
observational plants in each plot st two months interval sand

averasged,

3340 Humber of leavep/plent

For sach plot, the totel nunber of leaves in the
observational planis was counted and the average nunber re-~

gorded at Wo months® injerval.

3e3.5. Number of leaves/tiller

Average number of leaven/plamt was divlided by the ave-
rage nusnber of tillers/plant to give the average number of

leaves per tiller.

Be3.6, Aversze lensih, width ond leaf ares

The length of leaf was measured in centimeters from the
proximal to the distal end of the lamina ond the width wae
meagured at the middle of the leaves, In order ito work out
the relationship beiweon geometriecel (maximum length x meximum
breadih) azund graphical leaf area, 100 leaves wers collected at
roandon from different plents and their leaf area was measured
by both these methods. The value of eorrelation co-effictent (r)

petween the graphical amd goometrical leaf area was 0.99 and
X value wes 0.70, ss per the method suggesved by Remdhawa el al.

(1982). The length and breadth of all ithe leaves in each
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observationsl plent were recorded, The srea of each leafl T
was tnen calculated by multiplying the product of maximum
length snd maximum breadth of leaf with the K value obtained.
Tpem the leaf area values so obtained, average leaf area was

worked out.

3.3.7. Total leef area per plent

For each observational plent, the itotal leaf area was
caleulated by multiplying the average leaf area by the number
of leaves per plant. These values were averagsd to give total

leaf area per plant,

%.%3.8, Mother rhizome charsclherg

The number of mother rhizomes was recorded in respecs
of the observatiopal plonis. The length of the rhizomes was
measured in cenitimeires using = non~clastic twine and the mean

worked out.

3.3.9. Chovaclers of primery and gecondary finmers

3e3.9¢1. Humber of primery end secondsry fingers

The nunber of primery ond secondary fingers were countsd

in respect of the obssrvoilonal plents and the mesn worked out.

3.3.9.2, Humber of nodeg per Tinger, length, zirih and
internocdal lengih

The number of nodes, length, givth and internodal length
of the primsry and sogondary fingers were recorded and the

means worked out.
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3.3.10. Yield of green rhizome

The total yi@l&t(kg pér 300 n° plot) wes obtained

‘ by weighing.ﬁ@a entire preduéa of the plot,

‘ 3,3.11. Per cent recovery of dry rhizomes

" For srriving at the percentage recovery, five kg of
freah rhizome were %&keu. cuyed as per the eenvenﬁianal
method (Anon., 19&1)“&&& éried.' Based on the fresh weight

and. ﬁry weigth Bhe pers@ntage ﬂeecvery was worked out.

?3,3Q?2a‘fia1d‘éf éry rhianmea-

_ 1&@ yialé ﬁf oured, dyy turmerie (kg per plot) vas
.ahtaimea by multiplying the yielé gf green turmeriec with the

peroenﬁage racov@ry*

: SQQh Ohemieai @nﬁl@a&sk

3.4.1 ;gsia of_ w@il befﬂze and after the experiment

Soil semples were %&ken, bath bafer@ and after the
experimant, from O tq 30 em @eptﬂ a% five randam agets in
_@agh.bloek. v?ﬂ@@e.wer@ poaled to get a repreeaatatﬁve samgl&
for eaéh block.. The sempleﬁfwere”air 6rieé, grauﬁﬁ %glgaaé
2.0 mm sieva and s%ereﬂ in pmlytnene bags.

ﬁgﬁal nitrﬁgan in th@ samples were ﬁetermlned oy
nglaanl digesﬁm ond éz,aﬁillaﬁion method (Jaei«:&zon, 1673) .
Available phasgherus &xtraa%aa by Bray Nos1 reagena {0.0% 1 "

4P in @e925 i) ﬁgl} was aatermimeﬁ hy tha ehl@raatanneus



18

reduced molybdophosphoric blue celour method (Jackson, 1973).
Available potassium extracied by 1 W neutral ammonium acetate
was estimoted flame photometrically (Jacksom, 1973},

The pre-experimental nutriemnt status of the soil was
recorded as 0,081 per cent nitrogen, 8.63 ppm availeble 12205
and 224,6 ppm availazble Kao\p with a pH of 5.2.

%e4.2. Estimetion of oleorezin

Oleoresin in furmeric wag estimated by extracting with
acetone (Anon., 1974}. 7The percentege recovery of oleoresin

wasg worked out on moisture free basis,

3.5, Meteorological data

The neximun end minimun tempersiuvres, rainfall and
relative humidity were recorded for the pericd from middle
of April, 1981 to end of January, 1982 (Appendix XXITIL).

3.6, Siatigtical analysie

The data were subjecied to the analysis of variance in
split-split plot design snd the signifieance tested by *7F°
test (Panse and Sukhaime, 1957). Correlation co-efficienis
among the different growih paremeters and yield components

were worked out and their significances tested.
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4, RESULTS

Zhe influence of time of plenting, spaecing and weightb
of planting material on the growth, yield and quality con-
atituents of turmeriec has been invesiigated upon. The expe-
riment was earried out in aplit-split plot deeign with the
tire of planting as main pleois, spacing 25 sub plois amd
weight of plenting materiel asysub-sub plots. The resulis

are presenied in this ehapier.

4,7, Germinatio

The data on germination of the rhizomes planted in the
different treaimenis are presented in Teble 1 smd the ANOVA
in Appendix I. The results have been depleied in Fig.1.

The results chowed that the tine of plenting and weight
of the plamting materisl signaficently influenced the geymi-
nation, Spacing 418 not exhibit significent influence on the
gernination of rhizomes, The rhizomes plamied during early
June (T3) gave 83.44 por cent germination which is signifi-
cantly higher than the germination of rhigomes (9.48 per cent)
planted in esrly May ('1‘1). The difference between middle
May (TZ) planting which gave 76.18 per cent germination and
T3 wae uol eignifiecent. With regard 1o the weight of planting
naterial, 60 g (W-g,) gave the highest germingtion of &1.07 per
cent showing significant difference with 20 g (Wﬂ which gave



Table 1.~ Bffect of time of planting, spacing =nd weight
of plemting materizl on germination (%)

Treatnents® y T, Ty
84l 9,00%%¢ 61.66 92,66
B4, 11.33 72.00 93.66
§q4s 18,00 67.53 95,33
B,y 4,66 72,66 90,66
8oy 8400 76.33 93.33
AL 10,66 81,33 87.66
SW, 5466 78466 97.00
S3W2 8.00 90,66 96433
S V. 10,00 85,00 93.00

33
Meons
Main plot H T1 = 9,483 T2 = P&, 183 T3 = 89.44
Sub plot t By = 57.66; 8, = 54,743 55 = 62,70
Sub=sub plot & Wy = 53,335 Wy = 60.073 w3 = 61.70
¢6,05)
Hain plot = 9,22
Sub plot = 6493
Sub-sub plot = 6.93

@ T, = Begtrming of Hay 31:10320cm Wy =20 g
TanMiddleofﬂiay 52a15x209m W, = 40 g
Tsuﬁegmningofd‘une 83c20x20cm WBaBOg

N

&6 Meanm of three replicatiomns
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53.3% per cent germination. The difference beilween 60 g (wg)
and 40 g (wa) giving 60.07 per cent germination was not sig-

nificant.

The jinteraciion between time of planiing eand spacing
was significent at flve per coal level, HNaximum gormiunebion
of 95.44 per cent was ootained from T3S3 {crop planted during
early June al 20 x 20 om spacing) which did not differ signi-
ficantly with '2331 {9%.,22) and TQS,;.J {84.77)s Main plot x sub=-
plot as well as sub-plot x cubesub plot interactions were not

signiticant.

4,2, Height of the plant

The data relating to height of plant with respect to ihe
treatments are presented inm Table 2 and Pig.2, end the ANOVA
in Apypendix II,

The height of the plant was significantly influenced by
the tlme of plenting and weight of the plenting materisl, How-
ever, spacings had no effsct on this characier, TQ gave maxi-
mun hedght (85.41 ou) showing statistically eignificent diffe-
rence with T, (65.45 om). T.ﬁ (82,91 em) @md T, were at par,
Plant height progressively inereased with the weight of plani~
ing material. 133 gave the maximum height of 81.71 cm. W.l with
T3.31 em was significanily lower thean WB, while wg and 313 were
at par. INome of the inleractions showed statistical signifi-

canees,



Tanle 2.~ Biffect of time of planiing, spreing and weignt

of plamiing material on heighi of plent (om)
N @ o
Treatmenia T'i £ T3
84 62.26%¢ 90.97 88428
BqWy 65,05 91.01 85.54
84l 69,12 90.44 81,48
8,4, 54.14 85,59 81.05
szwg T5.2% 85,25 84,22
52‘.'!3 67.16 91.29 87,47
B4l 65,56 81.97 80,19
B3Hy 60,9% 93.27 75.96
83l 71.81 94.63 82,01
Heans
Hain plot 1 Ty = 65045 Iy = 86.413 fL‘3 = 82,91
Sub plot ¢ 8y = T7.50; 32 = 78,823 S3 = 78,46
Sub-gub plot : Wy = T3.31; W, = 79.75; “13 = 81.71
2¢0.05)
Usin plot 2 15,51
Sub plot = 5,21

Sub~zub plot = 5.91

22

@T1 = Beginning of Hay 8y = 10 x 20 em
‘322 = Hiddle of May 82 = 15 % 20 em
T.j = Beginning of June 83 =20 % 20 en

@D Mean of three replications

w1=20g
Wa':-tlﬂg
t€3=60g
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4.5, Nunber of tillers/plant

Hesn values of the number of iillers produced per plant
under sach trestment have been presented in Table 3 and Fig.3.
The ANOVA is presented in Appendix III.

Time of planting did mot show significant influence on
the number of tillers per plant, Number of tillers per plani
incremsed with increase in spsecing. At 83. on BN aversge,

2415 sillers wero produced. 8, and 84 produced 170 and 1,31
tillers/plant, ruspectively. The differences among the three
spacings were statistically significant. The effect of weight
of planting material was also sigaificant on tas tiller produc—
tion. Hﬁ with an average of 1.97 tillers, differed signifi~
cantly from W, end W, which produced 1.65 and 1.54 tillers,
respectively. Difference betwsen w2 and w1 was not significant.

The interaection beitween spacing snd weight of planting
material vas significant, 53w3 gave the maximun number of
tillers (2.59) while S4¥, gave the minimum (1.21), s5w3 differed
significantly from the others,

4,4, Number of leaves/plaunt

The dota on the mean nusber of leaves produced per plant
are pregented in Table 4, Fig.4 and the anmalyesis of variance,
in Appendix IV,

Time of planting, spacing as well as welgat of planiting
naterial exhibited significant influence on this character.



Table 3.- Effect of time of planting, spacing amd weight
of pleanting material on number of tillers

per planv

Treatnents® T, Ty T3
ERIA 1,16%¢ 1.30 1.23
844y 1.20 1.36 1.06
31w3 1.20 1,80 1.53
8,4y 1.63 1.86 1,43
A 1.60 1.93 1240
32”3 1.70 1.96 1.80
85\41 1.36 2,10 1.80
331-12 146 2443 2,40
s3w3 2.26 3.06 2.46

Means

Main plot T, = 1,513 T2 = 1,983 T5 = 1,068

3
Sub plot 8 8y = 1313 !:32 = 1.703 S3 = 2,15
Sub-gub plot ¢ Uy = 1.54; W2 = 1,653 wa = 1.97

¢ 0,05)
Maia plot = 0,55
Sub plot = 0.18

Gub=sub plot = 0.16

24

@ Ty = Beglmning of Hay By =10x20cm Wy =20 g
T, = Hiddle of May 8, = 15 x 20 cm U, = 40 g

TS = Begioning of June 83 s 20 2 20 o "!3 = 60 g

GO Mean of three replications



Table 4.~ Effeet of time of plsniing, spseing and weight
of planiing material on nusber of leaves per

plant
@

Treatnents T.‘ 'L‘2 T3
A 6.19%9 8439 7.90
8495 6.01 8451 T7.93
S1H3 5.68 B8.67 824
Bg¥q 5.74 9.02 T+59
By 65.05 8.59 T7.99
821»13 5451 9.17 8420
Bty 6,18 B8.85 8,26
531»12 6,17 9,08 Be43
s3w5 6.24 9.71 2.18

Heans
Main plot t Iy o= 6.08; T2 = 3,893 T.j = 8,19
Sub plot ¢ By = 7503 S2 = T.65; S3 = 8,01
Sub-sub plo’& H W1 = 7.57= w2 = 7»54';’ W3 = 7,95
2(0.,05)
tiain plot = 0,60

Sub plod = 0.2%
Sub~sub plot = 0,30 N

@ I, = Beginning of Hay 84=10=z20em Uy=20g
T, = iiddle of iay Sp=15x20ca Wy, =40g
Tgaﬂegixmingoi‘June S3==20320 cn w3m50g

%@® lioan. of three repliocstions
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A mean mexinum of 8,89 leaves were produced in T;_, which
differed significanily from I3 (8419) and Iy (6.08). Sx9
on an average, gave 8.01 leaves and differed significantly
from 54 (7.50) and S, (7.65). ©, and S, were statistically

oI Pav.

The effseect of weight of plaanting meterial on leaf pro-
duction was aloo simificent wiih 7.95 leaves in w3 and 7.57
in 4. {43 wag significantly superior io wg and W, which were
statistically on per. 4An inersase in the number of leaves
wag ohmerved with incrsace im the weight of planting material
uged. The interactiicns between different fmotors were noit

sigmificant.

4.5, Number of leaves/tiller

Tne mean number of leaves produced per itiller undepr
the different treatuentis are shown in Table 5 with its gra-
phical presentation appsaring in FPig.%. The ANOVA nas been
prosgented in Appendiz V.

The amolysls inficated that the effect of time of plant-
ing alone was statisiically significent. Number of leaves per
tiller increased from 3,79 zt Tq b0 4.95 ad T2. At TE’ ‘the
leaf productioa per tiller recorded 2 decresse, Significant
differences were observed among the three iresitmenis. The
spacing, weignht of planbing material as well as the interactions
between the various factors did not show eny statistically
significeni influence on the leaf production per tiller.



Table 5.~ Lffect of time of planting, spacing and weight
of plenting materisl on number of leaves per

27

tiller
Treatments® ‘.E., T2 T3
CAS 3,667 4460 4,40
Sq¥y 5.83 5426 4.53
81253 5,86 4.8% 4.70
S2H1 %470 4,86 4,80
SgWp %450 4,83 4.66
$2W3 .86 4.66 4,50
SBW‘I 3443 5.00 4.53
53z02 4.06 4.90 .73
:»33w3 4,23 5.63 4480
Means
Main plot 2 Ty = 3793 T,y = 40958 Ty = 4,80
Sub plot t 8 = 4.4 Sy = 4.35; 83 = 4,59
Subwsub }?101.'! % W1 = 4‘»312 1‘32 = 4,483 w"" = 4056
D¢ 0.05)
Hain plot = 0.30
Sub plot a 0,53
Sub-suly plot= 0.28
@T1=Begimingefﬁay 8, =210x20 e !J1=2Og
‘l"2 = Middle of May 82 = 15 x 20 em Mg = 40 g
T3 = Beginning of June 83 = 20 x 20 cm % = 60 g

@0 Mean of three replicetions
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4.6+ Average length, iv.rj.d*i:.lrx end leaf area

Tables 6 to B and Figs. 6 to & chow the average lengih,
width 2nd leaf erea, respectively. The ANOVA have been pre-
sented in Appendices VI to VIII.

The effect of spacing and weight of planting material
on the length of the leaves was significomt. The mean leaf
length varied from 35.97 em at 84 to 30.78 em at S, and
35.66 on 8t 55. Statistically, 32 and 83 were on par; but
diffored significantly from 8,. The length of the leaf was
significantly influenced by the weight of planiting material.
Use of heavier planting material (w3> regulited in longer
leaves (37.03 cm}.

Interaction effects bewween time of planting and weight
of plenting naterizl and beltween spaeing and weight of plent-
ing material wers found to be significant at five per cent
level. m5§v3 gave the maximum leaf lengith of 58.72 cm. 531!3
gave & maximun of 37,84 om. The effects of time of planting
as well as the interaciion between time of planting and
gpaecing vere not sigmificant.

Time of planting oxhibited significant influence on the
width of the leaves. 4 moxzimum widith of 11.11 om was observed
in T3. The difference hetween %, (10.94 om) and T3 wvas not
statistically significent; but these differed significenily
from T, (10.11 em}. Wik regerd o the effects of gpacing



Table 6.~ Effect of time of pleniing, spacing and weight
of plonting material on the length of leaf (cm)

P & m
Treatments T1 T2 13
84Y, 35.23% 37.14 36.61
A 35436 35,54 36,94
S1w3 33.34 35,89 37.95
Sg¥4 35.94 37.74 37.77
oWy 34.36 37.56 37.05
82W3 55,01 38,84 38,81
s3w1 34,51 37.20 37.00
g, 34,22 34,91 38,59
8. 35045 38,66 39.41
373
teans
¥ain plot ¢ Ty = 34.60; TE = 37,033 T3 s 37.79
Sub PlOt ) 51 = 35097; sz = 36t787" Ss = 36-66
Sub-sub plot & Wy = 36,55 Wg = 36.03; W3 = 37.0%

(0,083

Hain plot = 2,8%
8ub plot u 0,85
Suc-pub plot = 0,55

@T1 Beginning of kay 34 = 10 x 20 e 141520g
T, ¥iddle of Hay 8, = 15 2 20 om wg = 40 g
‘J'.‘.5 Beginning of dune 33 = 20 x 20 em W3 60 g

G@ Mesn of three replicaticms
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Iable T.~ Effect of bime of plemting, spacing and weight
of planting material on the width of leaf (cm)

'y @ i
Treatnents T1 Tz 13
CREA 10,3559 11,24 11,50
S1w3 9.47 10,62 10.77
8,4 10.13 9.72 10.97
Solly 10.22 S 10437 10.45
Bgli 10,01 177 11,59
sgw1 9474 11.39 11.18
s3w2 10,66 10.75 i1.11
S?w3 10,57 i12.12 11440
s
Heans
Main plot H T1 = 10.1%3 1‘2 = 10,943 T3 = 11.11
fub plot t By = 10,603 By = 10.563 83 = 10.99
Sub-gudb plet 3 Wy = 10,713 w? = 10,543 W.é = 10.92
Y’
“®(0.05)
Main plot = 0,50
Sub plot = De42
Sub=-sub plot = 0,36
@ T1 = Beginning of May 81 =10 x 20 em w1 = 20 g
T, = Middle of lMay 8y = 15 x 20 en Wy = 40 g
T3 = Beginning of June 83 = 20 x 20 e w3 = 80 g

oD HMean of three replications



Table 8.~ Effect of time of planting, spacing sund we%ght
of planting material on mean leaf ares (em<)

31

Treatments® T, Ty Ty
Sq¥y 260.70%¢ 291,10 295.01
s.'we 240,36 262.47 285,82
G 220.99 267.81 286437
Sé&i 241.03 256.12 290,17
sgwg 245.04 273.28 27115
32W3 245,27 320,00 514.85
S3W1 255.17 297.31 290.11
33w2 254.74 262,73 300.20
845 261,40 328,37 34,60 ©

deens

Kain plot H ?1 « 2&-4&763 TE = 2&;5’53 Eg = 294,25

Sub plot § 84 = 267543 By = 272.99; 33 = 282,73
Sub-guk plot ¢ W, = 266.20; Ug = 272.96; ws = 284,40
®(0,05)
Y¥ain plot e 12,34
Sub plot = 11,78
Sub=sub plot = 11.36
@ T1 = Beginning of lay 31 = 10 % 20 e u1 =20 g
I, = Higdle of May 32 s 15 x 20 em Uy = 40 g
Ty = Begimning of Jume 83 =20 x 20 e w3 =60 g

o® Heon of thres replicaticas
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and weight of planting matorial, no statistical significance
could be egtablished frem the analysis.

imong the interactiione, the spacing x weight of plant-
ing meterial interaciion alone exhibiled statistical signi-
ficanecs. 53%5 produced the broadest leaves (11.36 em). How-
ever, the differences between 53w3, S‘,zw5 and s1w1 were not
gtatigtionlly significant.

All the three {reatments under siudy esuhibited sigui~
ficant influence on whe srca of the leaves, The average leaf
area increased from 244.96 o at I, to 284.35 en? at T, and
294.25 cm2 at T?' T? and TZ were gsiatistically on par, A
progressive incresse in leaf ares with the increase in spacing
was gbesrved. Planis at 83 produced the largest leaves
(282.73 en®). Tne differences between 85 and 5, as well as
betwean S2 and 81 were ot significant, With regard to the
waeight of planting material, w3 gove maximua leafl area of
284.40 c.m2 which is significantly higher than that obiained

for U, and ¥, (272.96 cn® and 266.20 on®, respectavely).

The interaction beilwsen spacing end weight of planting
material also indicated statistical significance. 53143 regorded
the maxinum value of 301.45 cm2 epd showed significant diffe-
rence with all other combinations except Syi; (293,37 OR

4.7, Totsl leaf area

The values relating to total leaf area are presented in



Table 9.« Effect of time of planiing, spacing and weight
of planting materinl on toial leaf srea (om<e)

R )

Treatuents T1 Tg T’3
84ty 1619,189%  2245,09 2084 .84
4, 1442,79 1979.13 175737
84V 1256,34 2136.78 195%,33
A 1485.80 1995.52 1813.,77
8,y 1597 .21 2403,85 2237.88
84 1458.75 2141.58 1997.16
Sy 1574,90 2032,48 1884.23
Byl 1639.51 2752,29 2313.25

Means

Iy = 1496.07; T, = 2173.243 T§ = 1938,72
Sy = 1830.53; 8, = 1850365 55 = 1977.13
Wy = 1773.73; W, = 1851.98; Wy = 2032.27

€2¢0.05)
Hsin plot = 187.55

Sub plot = 150.37
Sub-sub plot = 93.80

© T, = Beginning of May 51 = 10 x 20 en Uy = 20 g
T, = ¥iddle of lay 8y = 15x20em W, =40g
T3 = Beginning of Jumne 83 =20x20cm W, = 60 g

3
@@ Yean of three replications
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Table 9 and Fig.9. The resulis of the statisticzl analysis
appears in Appendix X,

The time of plenting as well asg ithe weighi of planting
materisl exhibited significant influence on the total leaf
aren per plant, T2 gave a maxisum erea of 2173.24 on? show=-
ing eignificant difference from T; (1496.07 en®). I
(1988,72 om®) end T, were on par, With respect to the effect
of weight of plenting materisl, WB gave a maximum area of
2032,27 on® eignificantly different from W, and W, with
1775473 o end 1851,98 cm‘?, respectively.

The interaction effects beiween the time of planting
and weight of planting material as well as that betwecn spacing
and weight of planting material appeared to be pignificsnt
with the best combination of the former being T2w3 (2436.97 cm2)
and that of latter being Sgiy (2235.03 en?),

4.8. Length of fhe mother rhizomes

The cobeservations on this parameier nave been shown in
Table 10 with Fig.10 supporving it diagrametically. The ANOVA
eppears in Appendix X.

The analysis has shown that the time of plenting as
well s the weighl of planbing material significantly influonced
the length of the mother rhizomes, Tp with & mean naximum
of 12,67 cm was significenitly superior %o both T (10.67 cm)
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Table 10.~ Effect of time of plemting, spacing emd weight
of planting material on lengih of mother
rhizome {em)

@ [
Treatnents 21 T2 13
8,4, 10,19%° 11,17 10.32
84Uy 12,04 11.47 11.29
51"’3 11.1% 11.79 19.52
sgw1 10,9% 11.55 10.96
82w2 10.74 11.87 10.46
sav:3 11.37 13.84 12.6%
saw1 9,88 12.36 10.62
stz 9.77 14,47 12,17
8.4, 10,14 15,54 13.97
373
Meane !
Main plot s Ty = 10,673 Tg = 12,673 '1‘3 = 11,54
Sub plod 8y = 11.2%; By = 11.58; 53 = 12,10
Sub-sub plot : Wy = 10,885 u2 = 11,583 ws = 12.42
(0,05}
Main E’lot = 0.46
Sub plot = 0,01

Sub=-sub plot = 0.76

@ ‘I1 = Beginning of lay 31 = 10 x 20 em w1 = 20 g
I, = Hidéle of llay SZ = 15 2 20 em wa =40 g
T3 = Beginning of Juno 55 = 20 x 20 om w3 = 60 g

@@ Mean of three replicztions
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and Ty (11.54 em). The length of mother rhizome progressivoly
increased with the increase in the weighl of planting material
whersin W, recorded a meen length of 10.88 cm which was not
atatistically different from that recorded by W, {11.98 cm).
WS was guperior to w1 and w2 recorded the maximum length
(12,42 cm), Spacing hed no significent influence en this
character. Significant differences could not ve tbesrwed for

the varieus intersction sifects,

4,9, Humber of primary end secondary fingers

Table 11 and Pig.11 show the data on the number of
prinary fingers with its ANCVA eppearing at Appendix XI,
Table 12, Fig.12 and Appemdlix XII periain to the number of

gecondary fingers.

The snelysis indicated that the number of primsry fin-
gers per plent was mot influenced by the itreaiments wnder
ptudy. However, the number of secondary fingers per plant
was sigupificantly influenced by the time of planting. T2 gave
a paximum of 5.79 fingers per plent, differing significanily
from T4 with 5,99 fingers per plant. i‘z and T3 (5.23 fingers
por plend) were on par. The effects of spacing and weight of
planting naterisl were not found significant.

All the interaciion effects execept that between
gpacing x welgnt of planting malterial were mon-significant.

The maximun nunber of secondary fingers per plant wag obiained
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Table 11.~ Effect of time of plonting, spacing snd welght
of planting material on nunber of primary

fingers
Treatnents® T, 1, T?
A 5.93%¢ 6,27 5.83
84¥p 5.83 6,06 5.83
Sq¥g 5473 6,16 5487
BgWy 5,00 6.43 5.87
PN 5.80 6463 $.98
Bl 6.70 6.40 5.94
B4, 6,10 6,05 5.70
Sglly 6443 &.14 5.83
33w3 6.13 Tal8 6.13
Means
Hain plet t Ty = 6.073 I, = 54333 T3 = 5,88
Bub plot t By = 5945 8y = 6417 By = 517
Bub-pub plot & Wy = 6.02; Uy = 5.043 Wa = 5623
D(0.05)
Main plet = 0449
Sub plot = (3,82
Sub=sub plot = 0.26
@ Ty = Beginning of May S 10x20cm W =20g
T, = Uiddle of Hay Bp215x20em W, =240¢g
T3 = Bogiwmming of June SS = 20 = 20 cm WB = 860 g
@@ Mean of three replications
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Table 12.~ Effeet of time of planting, spaecing and veight
of plenting meterial on number of secondary

fingers
Preatments® Ty 1, ‘1‘5
CRTA 5,499 6.47 5.80
s.lwe 6.6 Tedd 6.82
S1b!3 6.03 5.80 5e43
Sy 5617 Ted3 6.77
LA 5460 6.63 6,31
Spllg 6.17 5.27 6.03
B3l 5.63 6,53 6.20
S3liy 6.65 5.67 6.00
55w3 6.67 - T.9% 8,77
Heans
Yain plot H T1 v 5,993 T2 = 6,793 1‘3 = 6,23
Sub plot : By = 6,193 55 = 6,265 S, = 6.56
Sub-sub plot ¢ Wy = 6,153 Uy = 6.523 'ai., = G.54
D¢0.05)
Hain plot = 0.61
Sub plot = 0,48
Sub-oub plot = 0,42

@T.iaﬂegixmingofﬁﬁay S.ia‘IOxQOGm
T, = Uiddle of Hay 8, = 15220 em
T";’ = Begimming of June ‘55 = 20 x 20 cm

@@ Mean of three replicabions

Wy = 20 g
WE = 40 g
U,:. = 60 g
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under 33!43 (7.12). However, s3w3 end 44, (6.95) were
gtatissically on par. S1W3 recorded the minimum number of
secondary fingers (5.75).

4.10. Humber of nodes, girih and internodal lengih of
primery fincers

Data on these characiers sre presented in Tables 13 o
16 and FPigures 1% to 16 with their ANOVA at Appendices
XIII to XVI,

Regarding the number of nodes per primary finger, the
enalysis showed that the treatment effects were not signifi-
cant, With respect to the lemgth of primery fingers, only
the weight of planiting materisl chowed siatistically signifi~
cant effectn. There was a progressive increage in the lengih
of the primary fingers with increase in the weight of the
plenting materiel from 5.81 cm at Wy, 6.10 om at wz and
6.52 em at Wye The differences between Wy amd Wy as well as
that between Wy and WS were not statistically significont.

The results presented in Table 15 inficate that the
tine of plambing influenced the girith of the primary fingsrs
at a significant level, Tlanting by the middle of Moy (Tg)
produced primary fingers with 5.88 ocm girth. T, was signifi-
cantly different from Ty (5.03 em) end T; (4,96 cm). Effects
of the other tresiments as well as their interaciions were aoct

found sigmificant.



Teble 153.- Bffect of time of planiing, spucing and welght
of plantivg naterisl on nunber of nodes

Treatmente? T, T, Ty
544y 9.43% 9.58 9.23
S1W2 953 8493 9.37
Bqlg 9,69 9.39 8.59
Bl 9,47 9,07 9.91
Bo¥y 9.47 9,30 8478
R 8,97 931 9.13
83ty 10,01 10,16 8,78
CATA 9,50 9,23 9.46
Sl 10,17 8.99 9.19

teans

Main plob Ty = Ye563 TE w 9,833 T3 = 9.16

Sub plet
Sub-sub plod

Sq = 9.285 8y = 94265 55 = 9449
Wy = 90495 Wy = 9428% WB e 9,27

% o e

P(6,05)

Main plod = 0,531
Sub plot = 0,53
Sub~sub plat = 0.38

@Tisﬁsginnmofkiay S1=10320m We = 20 g
2, = Middle of Mey 8y = 15x200m U,=40g
T3 = Beglmming of June S3 = 20 x 20 em 173 = 60 g

@7 Mean of three veplications
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Table 14.~ BEffect of time of plunting; spacing and weight
of plenting materisl on length of primary

finger {cm)

Treatnents® Ty T, T,
Sy 5.05%2 6.05 5.81
B4¥, 8471 S5.94 5.69
51133 5.62 5.78 6.24
52"11 4492 6,38 6.0%
Sghy 5441 6.73 6.18
So5 5496 5,60 6.25
s§w1 594 6.44 5.73
54y G431 651 5.66
53w3 6,56 731 537

Heans
¥ain plot ¢ Ty = 5:.94 1‘2 = 54503 T3 = 5,93
Sub plot t By = 5,985 8, = 6.16; Sy = 6.29
Sub-gub plot : Wy = 5.815 Wy, = 5.10; Uy = Be52
2¢0.05)
Hain »lot = 0,72
Sub plot = 0.46
Sub-sub plot = 0.50

@ T, = Begimning of Hay £4 =10z 20en 4y =20 ¢g
T2 = Middle of lay 32 = 15 % 20 om We = 40 g
%5 = Deginning of June Sy = 20 x 20em Wz =60g

ag HMesn of three replications



Table 15.~ Effect of time of plomting, spacing smd weight
of planting material on girth of primary

fingers (em)

Preatments? 3 2, T,
544, $.,0050 5,14 4,81
8qW, 4.84 S¢46 5,20
84y 5,02 5446 5437
A 4.56 5474 5,19
A 4471 5451 5404
St 4,62 5,52 5,37
Sy 4.87 5,10 5429
8,3, 6,17 5.16 4.82
G 4.8% 5.54 4.78

Means

¥ain plot : Ty = 4,963 T, = 5.883 23 = 5,09
Sub plot i 51 w 5,143 32 = 5,153 53 = 5,17
Sub-gub plot s Wy = 5.08; big = 5.19; w3 = 5416

20.05)
Main plet = 0,20
Sub plot = 0,20

Sub=gub plos = 0.30

@ T1 = Beginning of lay = 10 z 20 em Uy = 20 g
= Middle of Nay By =15 x200om Wy, =40 ¢g
‘i‘3 = Beginning of June 33 = 20 x 20 em ‘@I3 = 60 g

w
L=
4

4

+3
n
1

B Mzan of threc replicatbions



Tavle 16.- Dffect of time of planting, spacing and welght
of planting material on internodsl length of
rhizone {cm)

B @

Troatuenis tl‘1 I, fr,p.
CHA 0.50%¢ 0.50 0,56
31""2 0,51 0.55 0.51
S1L~13 0.58 Q.74 0.63
SEW1 0.45 0.67 0,58
So¥, 0.67 0.78 0.56
521'13 0,52 0.74 Q.75
33“’1 0.58 0.67 0.66
sta .57 0.66 0.59
8314.5 0.82 0.88 0.75

Means
Main plo% H m1 o 0-573 Tz 0.69; T3 = 0-53
Sub Qlot H 51 = 0.573 SE = 0-643 SB = 0.68
Bub=gub plot : Wy = 0,388 Hy = 0,603 W3 = 0,71
%B(0.05)
Main Dlo‘b = 0,07
Sub plod s 0,05
Sub-sub plot = 0.04
© T, = Boginning of May Sy = 10z 206 Wy =20¢g
T2 = Middie of liay &2 = 15 x 20 cn wg =40 g
'1‘.5 = Heginning of June 33 = 20 x 20 en w3 =60 g

@D Hean of three replications
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The internodal length was significantly influenced by
all the three treatnents under study. Among the different
tines of plantings trled, i’g ranked firstd with 8 maximum
internodal length of 0.69 om, followed by Ty {0.63 cm) and
T4 (0.57 cm). The differences between T, and T‘p’ as well as
between T.j and T, were not significamt. With regard to the
effect of spacings tried, S3 recorded the highest mean length
of 0.68 cm followed by S, (0.64 om) and 84 (0,57 cm). How-
ever, 33 and 82 wag on par, With regard to the weight of
planting material WB with sverage internodal lemgth of 0.71 cm
was significantly superior to Y, and W, with 0.60 cm and
0.58 om, respectively.

The dota also indicsted that the spacing x welght of
planting material interaction had significent influence on
the intermodel length. The best combination was 53w3 with
internodal length of 0.81 om.

4,11, Yield of green rhizomes
The data on yield of greem rhizomes per plot ave givem
in Table 17 and Pig.17 with ANOVA in Appendix XVII.

The green rhizome yisld oxhibited highly eignificent
variation with respect to the three treatments. The highest

yicld of 9.46 kg/plot (31.55 t/ha)} was recorded when planting
vas Qone during middle of May (TQ) which differed significantly

from the others. With regord to the offect of spacing, an



Table 17.~ Bffect of time of planting, spoeing and weight

of planting material on yield of fresh
rhizome/plot (ke/3 Bd)

45

Treatments® tf1 T2 T5
84y 1.60%C 10,37 8,73
s1w2 1.87 1160 9459
s1w5 2,65 12445 10.33
SQH.‘ 1438 T.09 6.82
Bl 167 9405 8.35
sgws 2440 10.38 9,55
8371;1 1 04'0 7008 6»28
53% 1e54 T.94 T.52
$5§!3 222 9,20 8,59

Heans

lain plod H ‘1’1 = 1,85; T2 = 9.463 Ty = 8441

Sub Dl@t H 31 = 70693 52 = 6.293 53 = 5575

Sub-sub plot & W, = 54653 Wy = 6,563 W3 = Ta53

2¢0,05)

Yain plob = 0.85
Sub plod = 0,51
Sub~sub plot = 0.22

@31 = Begimning of May S, =10x20 m W, =20¢g
Ty = Middle of ilay 8y =15 x20em W, =40g
Ty = Beglnning of duue 8y = 20 x 2 e iy = 60 g

% Hean of three replications
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yield of 7.69 kg per plot (25.63 t/ha) was recorded vhen
plenting wes done a% 10 x 20 em spaciug (Si)u Highest yield
of 7.53 kg per plet (25.1 t/ha) was recorded when pleniing
material weighing 60 g (wa) was unsed,

Among the interaciion, time of planting x spacing oand
tine of plamting x weight of planting materlal interactions
exhibited mignificance. T,8, with 11.47 kg/plot (38.23 t/ha)
and 922@13 with 10.67 kg per plot (3%5.56 t/ha) rauked first.

4.92. Curing porcentage

The data on percentage recovery of rhizomes after curing
and drying are precented in Tzole 18 and Fig.18 wilth ANOVA in
Appendix EVIII.

The statistical analysls showed that nomne of the. treat-
ments except the weight of planting material had sigaificant
influence on the curing perceniage. The curing percentiage
improved from 11.46 at ¥y to 12.09 at Wy and 12.52 at !.13.

The three levels differed significently.

4,13, ¥Yield of cuved dry rhizemes

The Gate on cured, dry vhizome are presepied in Table 19
end Pig.19 with ANOVA in Appendix XIX. Ihe yield of cured,
dry rhazomes shoved highly significant variation among the
treatnents. All the treatments exhibited stetistically sig-
nificant influemce. Plenting during mid May (Tsy pegerded
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Table 8.~ Effect of time of planting, spacing and weight
of planting material on per senl recovery of

dry weight
@

Treataents '.E.l Iz T3
S4¥q 11,7880 1140 11.08
S4¥y 12.50 12.67 11.27
81‘;{3 13,20 12.87 12.60
8ol 1190 11,50 12.00
Bol, 12.07 11.87 12,00
52V¢13 12,56 12,77 12.20
S3W1 11.73 10,63 11.13
83’972 12,57 11.9% 12,17
33‘&4.,, 12,88 12,33 12,20

3

Heans

Hain plot H T‘l = 12,%%3 ?2 = 11,993 T3 = 11.85

Sub plot s 8y = 12,155 32 = 12,09; 8, = 11.9%

Sub-gub plot ¢ Wy = 11.463 Wy = 124005 %13 = 12,62

“(0,05)

Hein plot = 0.64
Sub plot a (.44
Sub=sub plet = 0.37

@ T, = Beginning of Hay S,=10x20cm ¥, =20g
T, = Hiddle of Hey B, =15 x20cen VW, =40 g
T3 = Beginning of June 33 a 20 x 20 ¢n 143 = 60 g

9 Mean of thres replicatione




Taole 19.~ Effect of time of planting, opacing and veight

of planting materiel on yield of dey
rhizome/plot (kg/3 a?)

48

@ s
Treatments T4 T2 TE
8,¥ 0.19%¢ 1.17 0.97
S.‘Wg 0.23 1.47 1.08
S1W3 0.55 1.6% 1431
EPUN 0,16 0.82 0.83
PUA 0.20 1.12 1.03
82l43 G430 1.52 1.22
E3W1 0.7 0.84 0.69
85&62 0,19 0.98 0,89
83&!3 0.28 1.19 1.06
Heens
Magm plot H 1‘1 = 0,2%; T2 = 1,173 T,,. = 1,00
Sub plot 3 By = 0,933 S, = 0.78; S5 = 0,69
Sub=sub plet 3 W-I = 0.655 WZ = 0079; WB = (0,96
2(0.05)
Main plot 2 0,90
Sub plo% = 0.07
Sub-gsub plet = 0,03
® T, = Beginning of Nay 8,=1z20em W, =20¢g
'1‘2 = Middle of May sa = 15 2 20 em WE =40 g
1‘3 = Begimming of June Ss = 20 x 20 oa l% =60 g

@@ Kean of three replications
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the highest yield of 1,17 kg per plot (3.9 t/ha) smong the
different planting daies tried. As regsrds spscing, close
planting 8t 10 x 20 cm (31) resulted in the highest dry
rhizome yield of 0.95 kg/plot (3.1 t/hm). Plunting meierial
weighing 60 g ('143) recorded the highest yield of 0.96 kg/plot
(3.2 t/ha)., In =21l the cases, the memns showed significant
differences. The time of plamting x spacing ss well as time
of planting x welght of planting meterial interactions were
statistically sisnificant. %251 with & yisld of 1.42 kg/plot
(4.73 t/ha) and 1‘2113 with o yield of 1.37 kg/plot (4.56 1/he)
ranked first. The other two interaciions were not significant.

4.14. Qleorssin contont (%)

The effects of the itreatments on the ¢leoresin content
was snalyred and the data have been presented in Table 20 and
Pig.20 with AIOVA in Appendix XX.

The effect of time of planting, spacing as well as weight

of the plenting material showed no sitaiistiocal significance

with respeet to the percenvage oleoresin conient.

4.15. Zisld of oleoresin (ke/ha)

The smalysis of the computed deta on oleorsesin yield
per hectare (Tsble 21, Pig.21 and Appendiz XXI) revealed that
the effects of time of planiing and weighi of planting waterial
were significant, Among the differeni planting dates tried,
‘1‘2 with a oleoresin yield of 513.38 kg/ha was the best. The



Table 20,- Effect of time of planting, ppecing and weight
of planiing materisl on oleoresin content (%)

: el

Ireainente Q,i Ta T3
CAA 10,1659 16,66 12,83
8.4, 9.33 11,00 11.66
s1w3 13.66 14,00 11.16
8,4 13.50 15.83 12,83
AN 14,83 11,00 11.83
A 12.83 8,16 10.50
A 12,33 11.3% 11.00
85V, 11.66 14,00 10,16
Sglig 13.00 15.33 11.50

Heans

Main 1)101': H th w 12.373 Tz s 13.03; TB = 11.50
Sub plot S1 = 12,873 52 = 12,373 S?ﬁ = 12.25
Sub-sub plot : Wy = 12,945 W, = 11.72; Wy = 12,24

“2(0.05)

Mein plet = 5,95
Suk plot = 2,23
Sub-gub plot = 1.88

@ T1 = Beginning of Hay B8, =10x20em W, =20g
Iy = Hiddle of May By = Bx20em U= 40 g
T3 = Beginning of June 53 = 20 x 20 em WB = 60 g

@Y Moon of three replications
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Table 21.~ Effect of time of planiing, spacing and weight
of planting material on yield of oleoresimn (kg/ho)

Treatmentsats ‘.l‘1 Ta ‘i‘3
54y 64.,16%® 641,11 417443
$1192 T1.91 549.56 417,01
81&:3 160,39 75556 508657
32w1 T0.68 479,56 352,62
sewe 84.28 411,91 402.79
52W3 127.77 403,81 430,90
831\11 64.49 321,70 256,07
831;!2 66,85 450,70 307.77
S.’,}% 118,25 606,53 411,55

Heane

Hain plots T1 = 92,643 22 = 51%5.38; T.5 = %89%.41
Sub plot ¢ 8§, = 398,413 B, = 307.15; 33 = 289,88
Sub-eub plots Wy = 296,933 Wy = 306.97; %\L’, = 591,44

09¢0,05)
Yein plot = 206.42
Sub plot = 96427

Sub-sub plot = 70.84

@ T.' = Beoginning of May By
Iy = #iddls of May
i’3 = Begiluning of June 53
@9 leone of three replications

10 % 20 cm w1=205
15 x 20 ea ¥12=40g
20 £ 20 em w3=60.g
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difference bebween T, and T3 (389.41 kg/ha) was not signifi~-
eant. The oleoresin yield showed an ineressing trend with
inereage in welght of planting material. Uy wits 391.44 kg/ha
of oleoresin rankod first cnd was superior to the oilher twoo
The difference between {11 and w2 was not significent, Spacing
as well as the different interactions did not chow any signi-

ficant influence on the yield of oleorssin.

4,16, Correleaiion studies

Correlations between the different charscieristics were
exanined and the correlation ccefficients ere presented in
Table 22. Sigificent positive correlation was observed in
22 cages, Totel leaf eres exhiibited high'ly significant
positive correlation with all the components of yield.

4,17+ Chemical characteristics of the soil

The chemioal characiterisbics of the soll at the experi-

mental site after the experiment are presented in Appendix XXIX,

There was no marked differemce in iotal nitrogen, avai-
lable PEOS and available KQO in the scil compared %o the pre-
experimental nutrient status.



Table 22.- Correlation ccefficient of chavaclers

Plant Kumber HRumber Total ILengih Humber Humber ¥Freeh Iry Recovery- Oleo~
height of of leaf of of pri~ of se-~ weight weight per cent resin
tillers lesves  ares mother mary sondary of dry content
raizome fingers fLingers weight
I 1z 131 i v ¥I Vil Il IX X iI
b2 Lol 3 X % ®® B S
I. Plant 0.28 0.76 0,55 0.38 0.16 033 0,75 0,71 =G.082 0.073
height
11, Mumber of i o H # w& #
+illers 0.43 0.38 0.39 0,20 G.21 0.14 0.14 G.51 0.22
1II. Number of leaves 0.63""  0.50" 0.10 0.36"" 0.80%" 0.77"" -0.093 =~0.0%9
IV. Total leaf area 0.52"" 0.31°F  0.33" 0,587 0.56" -0.066 -0.048
V. length of mother 0. Fe¥ ks = F %4 -
rhizons 28 0a3077 0,287 0.30 0.15  0.034
VI. Humber of primery 0.36" " 0.059 0.053 =-0.005 0,002
fingers
VII. Number of secondary #% %3t ool
2ingers 024" " 0424 Q.24 0.037
Viil. Fresh weight 0.97"% =-0.022 0.051
IX. Dpy weight 0.12 0.051
X. Pecovery percent of dry weighd 0,12

XI. Oleoresin conbent per gept
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5. DIBCUSSION

Hioximising the yield of oleoresim is the major obyjective
of the turmeric growers of today. The gemebical male-up of
the materisl used, the guality of the seed material planted,
the condition under which the orop is grown, the poai~harvest
bendling of the produce, ete. influcnce the above. In the
investigations reported in ikis thesis, the influence of the
time of planting, spaeing ond weight of planilng material on
the production 08 well as on the quality of the produce (in
terms of oleoresin yield) was studied. The resulis obtained
in the ptudies have besn presgented in the previous chapter,
characterwise. In this chapter, the resulis have been eri~-
tieally dlscussed in the light of available information on
turmerie and other related crops to umravel the influence of
the three factors siudied on the esitablishment, growih of the
erop, yield and quality constituenis,

5.1« Germination

Retaplichment of a crop directily depends upon the ger—
mination percentage, The present study indicated that while
spaging 4id not influence the germimation of the planted
rhizomes, the time of planting and weighi of planting material
exerted significant influence, Flanting during early June
vas found to be better than early or mid-llay plantings, in
respect of perceniage germinaiion. The literature shows that
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tne planting season of turmeric extends from the fivst week
of May to the end of Auvgust in the turmeric belb of South
India (Sarme and Evishoamurthy, 1965; Aiyadurai, 1966; Raiinss
and Sankaren, 1977). BSince turmeric is grown mainly as a
rainfed crop, the deciding fecior would be the timely receipt
of the pre-monscon showers facilitating operations comnected
with land preoparations Under Vellanikikara conditions, the
pre-monsoon showers are normally received by mid-lley and sonscon
gtrengthens by the middle of June. As such, planting the
rhizome at Tg(early June) would not only result in higher
percentage of germination but also will give 2 staert to the

plants before the momsoon sirengthens,

The present studies also indicated that the weight of
‘the plamting material influenced ihe germination of the planted
rhizomes, It would be, thersefore, advisable io use larger and
heavier pleces of rhigomes %o obitain & good crop stand. Hussain
and Szid (1965) obiained hlgher percentage germiusibion by using

lavrger rhizomes of iurmeric. In a related crop Coptus epo,

sharma et al. (1980} reporied significant increases in germi-
nation percentage with increage in the weight of the planting
material. In the present investigations, as the response was
linesr even at %Js {60 g), the opiimum welghl of the planting
material could not ve worked out. However, the influence of
weight of planting material on the percemiage germination has
been clearly brought out by the studies. Among the Inieractions,



the time of plenting x spacing interaction alone was signi+
ficant. The best combination was '1‘353.

5.2. Grovth parameters

Subsequent grouth of the crop would be influenced to
an appreciable extent by the initial crop sisndé whiclsh. as
stated earlier, would depend on the percentsge germinetion.
However, the time of plenling (through the influence of the
oclimatic factors), the spacing (through the competition effects)
and the weight of planting meterisl (through the initial
advantage resulting from stored food material, intrinsie
vigour, etc.) can substantlally modify the growth of the crop.
In order Lo gsther informeilon on these agpseis, the growth
of the plants was siudied in relatiom to tae time of planting,
population deneity end weight of the plamting mamierial. Ihe
growih perameters ciudied in the present investigeiions were
the height of the plant, nuwaper of tillers per plant, leaf
production and total leaf area. These factorz are normally

taken to refleot the vigour of the planis.

The height of the plamti was found o be significantly
influenced by tne time of plamiting, Plenting during aid-May
(T,) gave the maximum height of 86.41 cm. In respeat of number
of tillers per plant, time of planting did mob show sisaifi-
cant influence., In the ¢age of number of leaves per tiller
as well as number of loaves per plant, the lime of planting

exhibitod pignificent infiuence. The number of leaves per



tiller increased from 3,79 at Ty %o 4.95 at T,. At i‘,:.., he
leaf produciion per iiller recorded a decrease. A mean mexi-
mun of 8.89 lsaves per plant were proQuced in T2 which differed
eigaificently from T (8.19) oxd T, (6.,08), Ap regards total
leaf area, the dime of planting exhibited siganificant influence.
T2 gave & meximum area of 2173.24 czng showing significani
difference from Ty (1496.07 cmg). Iy (1988.72 en®) 2nd T, wers
on par. Barms and Krishnemwrthy (1965) reported thai the height
of turmeric plaats wag greatly influenced by the pleniing time.
They also reported tnab delayed planting of fingers produced
less number of leaves ln turmerie and there was wide variation
in the size of the leaves, The present investigation clearly
brought out the adveniages of planting turmeric in mid-iMay with
regpeat to the growth of the plants as indicated by the height
of the plaats, e leaf production and the leaf ares., It ean
be econcluded that the advaulage mainly was due to the fmet tamt
the plents vere well esiteblished by the time the monvoon
ctrengthened.

Contrary %o what io normally observed, opacing did not
exhibit significani influence on the heignt of the plaunt. Ous
would expect the high density plemie to ve taller due o com~
petition for lighi. I% ls provasle that the lowest spacing
given in the present experiment (10 x 20 cn) was not low emough
to make the plante compete for light. Further experiments with

still lower spacing may throw lighit on thie aspect. Spacing



exhibited significant influence on the production of iillers.
It wae found that the number of tillers per plant increased
with increage in spacing. faximun mumber of tillers (2.15)
were produced at S3 (20 x 20 en)., It fnay be pointed out that
Kagturi Tenuka is = mormally shy tillering variely. Spacing
exhibited significant influence on the mumbker of leaves per
tiller and per plant also, In the present investigation.

53 (20 x 20 cm) gave the maximun nunber of leaves per plant
(9.01 on zn average). The effeot of spacing on the length

of the leaves was significant. The mean leaf lengith varied
from 35,97 cm at £, ¢ 36.78 en at 8, ond 36,66 cn at 53.
Statistically, 82 and .‘33 were en par; bult differed signifi-
cantly from S-;. Ho statistical significemoe could be esta-
blished with regard to the effeci of spacing on the widih of
leaves. A progressive increase in the leaf erea with increase
in spacing was observed, Plants al 35 produced the largest
leaves (282.73 cmz}. Tae differences beitween S3 and S, as vell
ag between 32 and 81 were not significomt. The studies ithus
revealed that wider speecling encouraged more tillering asnd pro=
duction ¢f more nunber of larger leaves. According to Said
and Altaf (1963) and Randhswa and Hemdpuri (1966), lower plant
ppacing compared to higher ones gave beiter resulis. Results
of spacing trials conductied at Ambalavayal had alesc shown that
closer spacings were better than wider spacing (Kennan and

Hair, 1965).



With regard to the effect of weight of the planting
material on the growth peremetere, it was observed that w3
(60 g) gave tue maximum height of 81,71 ems W, with 73.31 cn
wag significantly lower inan ’\43, while W2 and W1 were at par.
Weight of plenting material exeried significomt influence on
the tiller production also.

w,’, with an average of 1.97 tillers, differed signifi-
cantly from W, and W, which produced 1.65 and 1.54 itillers,
regpeciively., DRifference between 1‘32 and W, wes not eignifi~-
cant, The effect of weichi of planting material on leaf
produetion was also significsnt wita 7.9% leaves per plant
in Vg %33 ves significantly superior 1o wg and w,‘ wiion were
gtatisticslly on par. An incresse in ihe numoer of leaves
was observed with increese in ithe weight of pleniing material
used. The weight of planting material indicaled statistically
significent Influence on the length of leaves. Use of heavier
planting materlal (w3) resulied in larger leaves (37.03 em),
The effect of weight of planiing maiterial was found statis~
tically significant on the average leaf area produccd. \7'5 gave
maxinun of 234,40 cm® vhich differed sigaificantly from W, ond
Wy (272,96 ca® and 266.20 cn?, respectively). The total leaf
area was significently iafiuenced by the weighit of the plant-

2

ing material. w.5 gave a maximun area of 20%2.27 cm® per plant,

slgnificantly different from g emd W, with 773,75 on® and

2

1851.98 cn®, respechtively.
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In geoneral, the studles have indicated thai use of
heavier planting material would lead vwo oveitter growth of tae
plents., Though the relationship between weight of plaanting
mnaterial end grovih of 4ue planis has not been esteblished
earlier in turmeric, Pillai (1973) observed beneficial effects
on using hesvier material in ginger. She reported botter
height, more tillering amd better welght of rhizomes as the
advanteges of using heavier seed material. Sharma gt 2l.(1980)
concluded theti the perceniege germination, tas unumber of shopts
per plant, the number of leaves per shoot apd the pumber of
leaves per plamb saignlficanily inoressed with an inorease in

the welgat of plenting meterial, in Costug sp. In yam, il has

been observed ithat larger setts give rise o more vigorous
plants thaa whe smaller onss (Onwueme, 1972). The vine dia-
meter, nunber of leaves per stond and leaf area per stand were
found 10 be greater for tae larger sebl planting them for the
smaller seit-planting in yam (Onwuenme, 19725 Enyi, 197%;
Mwoke et al., 1973). The interactien between spacing and
weight of planting materiel shoved significance with respoct
4o the number of tillers, average leafl area and toisl leaf
apea per plant., The combination 83H3 wae identified as the
best. The iime of planitang x weight of planting material
interaciion showed significence only with respect to lLotel

leaf arem. In this case, T2w3 wag the best combimation.
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5.5. Rhizome cheracters, yield end gualily consiituents

The resulls showed that the time of plenting signifi-
cantly influenced the length of the mother rhizomes, Tz with
s mean maximun of 12,67 cm was signiiicantly superior ito both
Ty (10,67 om) and Tﬁ (11,54 cn). It was found that the mumber
of primery fingers per plant ves nod influenced by the time
of plunting. However, e numcer of secondary fingers per
plant was gignificanitly influenced, T2 gave & maximun of
6479 fingers per plant, differing significanily Lfrom T1 with
5,99 fingers per plant. %, and T.5 (6,23 fingers per plant)

wWere on par.

The amelysis ipdicated taat the vime of planting
influenced the girth of the primary fingers at 2 sagnificant
ilevel, Plenting by the middle of May (‘1‘2) produced primary
fingere with 5.88 cn girih. ‘1‘2 was supericr to '1’3 (5.09 em)
end T; (4.96 em). The intermodal length was also significantly
influenced by the time of plamting. Among ithe daifferemt times
of plantings tried, !Ee ranked f£irst with a mezimum internocdal
length of 0.69 cm, folloved by '1‘3 (0.63 en) and T, (0.57 em).
The differences beitween T2 and T?’ as well as between T5 and T1
were not silgnificent. The green rhizome yield exhibited highly
significant variation with respect to time of planiing. The
highest yield of 9.45 kg/plot was recorded when planting was
done during the middle of Hay ('22) whaieh was superior to the

others.
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Sarma and Krishnemuriny (1965) observed greater varis-
tion im the yield of turmeric for every forinipght®s delay in
plenting. Randhava and HMisra (1974} reported that early
planting from the end of April to the first fortnight of May
gave the best resulte. Hari gt al. (1978) indicated that
planting on May firet and tenth proved significanily superior
then other planting dates for geitlting botler growth and yield
of rhizomes in turmeric, In ginger whiech is closely related
to turmerie, Kannem and Nair (1965), Aiyadurai (19566} and
Hair and Verma (1970) reporied cerly planting to be the best
under Ambalavayal conditions in Terala. IThey zlso owvserved
that there was a reduciion in yield as the time of planting was
delayed. Rendhave gt gl. (1372) reporied that the early plantied
ginger erop (1st, 10th and 20tk lMay) had betier growth end yileld
then ginger plaated on 30th Mzy and 10th June., Though the time
of plenting did not exhibit significant influence on the curing
percenvags, the yield of cured, dry turmeric showed highly
significant varistion wilh respect to sime of planting. Among
whe different plemting dates iried, planiing during mid-lay
(Te) recorded the highest yicldd (1.17 kg per plot). As regards
quality comstituenis, time ol planting did not show any signifi-
cant influence on the oleoresin content (per cenil); but the
per heplare yield of oleoresin was found 1o be influenced by
the time of planting. Aumong the different planmting dates tried,
51‘2 with an olsoresin yield of 513,38 kg/ba was the best., The
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difference botween ?2 and T? (389.41 kg/ha) was not, however,

significant,

The effects of spacing on the rhizome characters like
length of mobher rhizome =nd number of primary and secondary
fingers were not found to be significant. Bui spacing had
highly significant influence on the yleld of green rhizomes.
An yield of T.69 kg/plot (25.63 t/ha) was recorded where.
plonting wae donc at 10 x 20 em spacing (8;). Yhough spacing
did not snow significant influence on the recovery percentage,
it showed highly significant influence or the yield of cured,
dry rhizomes, Cloze planiting at 10 x 20 cn (51) regulted in
the highest dry rhizome yield of 0.93 kg/plot (3.1 t/ha), No
staiistically siguniiicent influence could be observed regarding
the effect of spacing on tne olesovesin content ($) and the

yield of oleoresin per heoiare,

It was reportied oy Soid end Altaf (1963) and Remdhawa
and Nandpurld (1906) that lower plant spacing coupered to higher
ones gave betier resulis. Randhawa and Misra (1974) reporied
that 22 = 22 om plant spacing geve the besd resuli. Iron the
foregoing, it is evaden® that closer opacing (10 x 20 cm)
resulied in higher yicld of green &s well as dry shizomes, as
compared to the wider spacings. It is generally lknown ihat
though the yleld per unit area may oe higher at closer spacing,

the yield per plunt would be low 28 compared o waat under
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vider spacings. In the pregent studies, an analysis of

thig kind could not be made vecause of the interlocking of
priaary end seeondery rhizones of neighbouring plonte under
the closesit spaoing tried. However, it is possible that yield
per plant would be higher at wider spacings.

The weight of planiing material significantly influenced
the length of the mother rhizomes. IV wag found that the
leagth of mether rhizome progressively increased with the
increage in the weight of plenting material wherein 1!1 recor~-
ded o neen lengih of 10.88 om which was significantly diffe~
rent from that recorded by V, (11,59 cm), WB vas superior to
W, and Wy having recorded the maximun lengih (12,42 em). It
wag found that the number of primsry and secondary fingers vas
not significantly influenced by the welght of planting materisl.
The yield of green rhizomes exhibited higaly sigmificant
variation with regpeet to the weight of planiting malerial,
Higneet yield of 7.%3 kg per ploil was recorded where planting
material weighing 80 g (WS) wae used, In the case of ocuring
peveentage, highly significant influence was exhibited by the
weight of the pleniing material. Ouring percentage improved
from 11.46 at Wy to 12,09 at W, and 12,62 at ‘.'!3, The three
levels differed significantly.

The data on cured, dry rhizomes showed nighly signifi-

eant variation with regspect to ihe weight of planiing material.
Planting materisl weighlng 60 g (W3) recorded the highest yield
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of 0.956 kz/plot. The effect of weight of plaating materaal
wag not statistically significsnt when the percentage oleo~
regin content was conaidered, However, it shoued significant
influence on the per heotare yield of oleoresin. The oleoresin
yield showed an increasing trend with increase in welght of
planting material. 115 with 391.44 kg/he of olevresin ranked

first and vas swperior to the other Hwo.

Huesain snd BSaid {1965} reporited that use of large
sized (%.81 om) rhizomes of turmeric resulied in significanily
higher fresh yieldes than tnose ocbtained from smaller sized
rhizomes, Hambizr {1979) concluded thai the final yield of
turmerie is influencsed by the weight of the seed mmiericl,
since a progreseive increase in yleld was ooserved with the
increape in the welight of the sved ruigzomes. In ginger, Nair
and Varma (1970) observed marked and progressive jncrease in

yield as tne size of ihe seed oit was incremsed, In Costus,

Sharme et al. (1980) observed that the rhirome snd diosgenin
yields were gignificently incroased wiih an increase in the

weight of plaenting material.

With respgect to the yiold of greenm rhizomes and the
yield of cured, dey rhizemes, Bhe stime of planting x espacing
and tne sime of planiing x weight of planting material inter-
actlons vere fouund o be significant, 1,8, and QQ%% were

jiéentified as the bept comoinations,
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Swmaiag up, the invesiigation clearly brought out the
advantage of planting tuvrmeric durang mid-lay. Though the
percentage germingtion was besber in early Jsune planding,
the grouth caaraciers, the yield of green as vell as cured,
dry rhizomes and ihe yield of oleoresin were slgnificanily
better in mid-ilay plenting. Under Vellsmikhera comdition,
the pre-monsoon showers ave received by mid-loy end planiing
at that time would give sufficient time for establishment of
the crop before iue monsoon sirengthems. However, to assure
good germination supplementary watering may become essential.
With regard to spacing, the plant growth cheractiers were bevter
under wider spacing. The yleld of green asnd cured dry rhizomes,
however, was beiter at the elomsest spacing. Heavier planting
materizl) significantly improved the plany growih characiers,
curing percentage, yield of green #s well as cured, dry rhizomes
and the yield of oleoresin. Talking the three factorr end their
interaction intc couslderation, the combinatlon TZS?% (migdle
oy planting vith 60 g planting material at 10 z 20 cm spaeing)
seencd to be the best for obiaining betier growith and higher

yilelds of cured, dry rhizZomes and olsoresine.
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6. SUMMARY

The present studies, with the objective of arriving
at the opvimum time of planting, spacing end weight of
planting material to ne sdopied, were conducied al the College
of Horticuliure, Vellanikkera during 1981-82 uging EKasturi
Tenuke as whe test variety. The salient resulis ore summe-

rised belows

6.1, The germinsilon of the plented vhizomes was in-
fluenced by the time of plunting and weight of planting
materizl uged. Bosi periormaznce was observed with the crop
plented during early June with 60 g planting meterial. The
spacing sdopted did not influence the perecentege germinailon.

6.2, The morphological cheracters like helght of the
plant, number of tillers per plemt, pumber of lsaves per tiller,
nuzmber of leaves per plany, length and widith of leaves as well
ae mean leaf area snd total leaf area per plant were irfluenced
by the fact?rs under study. The plant height wes influsnced
by the time of plemting and weight of planting material,
while the spacing and weight of planting material inmfluenced
{the production of tillers. All the three factors influenced
the leaf production per plant; buit when the number of leaves
per tiller was considered, the omly influencing factor was the
time of planting, The amalysis of tae leaf characters indicated
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that the mean leaf ares was pignificantly influenced by all
the three factors. With regard to the total lsaf area per
plant, the time of plamiing aes well as the weight of planting

paterial were found to have significant influence,

6.3, The rhizome charasiers such as the lengih of the
mother rhizome, the number of primary and secondary fingers
znd the number of nodes, length, girth and interncdal lemgih
of the primery finrgers were amalysed to detect the effectis
of tne tresitmente. The influcnce of time of plenting as
well as welight of planting material was found significant
on the lengih of mother rhizome. Hone of the facwvors under
sindy assumed imporiance wilh respect to ithe number of primery
fingers, while the effect of time of planiting was cobserved to
be significant on itne nunocer of cceondary fingers por plant.
The lengith and girth of primary fingers were significantly
influenced by the weight of planting material and time of
planting, respeciively. Vhereas the number of mnodes per fin-
ger was not influenced by any of the factors, the iniernodal
length was fourd to have been iInfluenced by the three

characters,

6.4. With regard to ihe yield (both green and cured,
dry rhizomes) it was observed that the effecis of time of
planting, specing end weight of planting material were highly
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pignificani. The rate of recovery of dry rhizomes from ithe
fresh ones was not a character vhiech was influenced by the

wreatmentis.

6.5. The pergentage oleoresin content beitveen the
rhizomes harvesied from the different ireaiments was not
influenced by zuy of the treatments under study.

6.6, The time of planting and weigat of the planiing
mnaterisl had significant lnfluence on the yisld of olecresin
per unit arcen, Spacing hed no significant influence on this

agpect.

6.7. Total leaf area exhibited highly significant

positive correlation wiih all ithe componeats of yleld.

6.8, The combination 1,94V was identified as the best,
IY was conclufied that niddle of May plasting using planting
naterial weighing 60 g and a6 2 spacing of 10 x 20 em could
realise bost crop performsnce resulbing in meximum yield of
green end cured, dry rhizones. Msximum oleorssin yicld vas

also obiained under such conditions.
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Appendix I
Abgtract of ANOVA

Germinntion pereoeniage

Boures ag 551
Replication 2 50,03
Main plot 2 49536, 70%%
Brror {a) 4 148,96
Sub plot 2 438,03
¥Main x sub plot 4 502,62%
Error (b} 12 136.85
Sub-sub plot 2 514.70%
Main z sub-sub plot 4 55,18
Sub x sub-oub plot 4 114.85
Main x sub x sub-sub plot 8 147 .99
Ervor (e} 36 146,64

* Significent at 0.05 level
*% glenificent 2t 0,01 level



Appendix IX
Abstract of ANGVA
Height of plent

Souree af s
Replieatvion 2 252,00
Hain plet 2 3405.%%*
Error (a) 4 319.84
Bub plot 2 12.66
Hain x sub plot 4 119,93
Epror (b) 12 109,70
Sub-sub plol 2 521,824
Main x sub-sus ploi 4 168,23
Sub x sub-sub plot 4 64.91
Hajn z sub x suo~sub plot & 164,28
Errvor (o) 36 114.99

4 Glgnificsnt 21 0.05 level



Appendix I1X
Absiract of ANOVA
Kumber of tillers

Boures it it
Replications 2 0.76
Hain plot 2 1.53%
Ervor (2) 4 0,53
Sub plot 2 4.69%%
Yain x sub plot 4 0.31
Zrror (b) 12 0.10
Sub~sub plot 2 1.37%%
Main x sub-sub plot 4 0,021
Sub z sub-sub plot 4 0.29%
Main x sub x sub-sub plod 8 0.09
Error (¢) 36 0,09

# Significant at 0,05 level
*% Significant at 0.01 level



Appendix IV
Abstract of ANCVA
Rumber of leaves per plant

Source af it
Repliocations 2 0.30
Yain plob 2 57 e44%%
Error (a) 4 0,64
Sub plot 2 1,855
Hain x sub plot 4 0.32
Error (b) 12 0.15
Sub-sub plet 2 1. 13%
Hain x sub=-gub plot 4 0.19
Sub x sub-sub plot 4 0.23
Maein x sub x sub-sub plod B 0.17
Zeroy (c) 36 0,30

% Significent at 0,05 level
## giemificant at G.01 level



Appendix V
Abgiraet of ANOVA

Tumber of leaves per tiller

Soures [i% 4 jaitsd
Replications 2 0.36
¥ain plot b g,.55%%
Error (a) 4 0.15
Sub plot 2 0.41
Hain % sub plot 4 0605
Brror {b) 12 0,30
Bub~-gub plod 2 C,45
Hain x sub-sub plot 4 0.05
Sub x sub-gub ploh 4 Ce26
Main x sub x sub-sub plot 8 0.15
Error (¢) 36 0,25

#* Sismificent at 0,01 level



Appendix Vi

Abstract of ANOVA

Length of leaf

Source art 8
Replications 2 12.04
Hein plot 2 T4.86
Error (a) 4 14,06
Sub plot 2 5e10%
Hain x sub plot 4 5430
frroxr (b) 12 1.22
Sub-sub plot 2 T.0a7 %
Main % sub-sub plot 4 3.T9*
Sub x sub~-sub plot 4 3.70%
Haein x sub x sub-sub plot 8 1.70
Ervor (e) 36 1,01

#* Significant at 0,05 level
#* Qisnifacant at 0.01 level



Appendix VII
Abptract of ANOVA
Width of leaf

Source af 4B
Replication 2 0.62
Hain plot 2 T74T1*
Brror (a) 4 0.43
Sub plet 2 1.42
Yain x sub plot 4 G.32
Brror (b) 12 0.60
Sub-sub ploet 0.98
Main x sube=sub plot 4 0.8%
Sub x sub~-oub plo 4 1.T7¢
Main x sub x sub-sub plot 8 0.51
Error (o) 36 0.50

* Slemificant at §,0% level



Appendix VIII
Abgtragt of AROVA
Mean leaf ares

Source af s
Replications 2 2073.92%
Main plots 2 183553,%2%
Error (=) 4 267.18
Sub plot 2 1543.,95%
Main x subd plot 4 109.44
Error (b) 12 395,10
Sub-oub plot 2 2266, 70%%
Hein x sub=-sub plot 4 1087 .43
Sub x sub=sub plob 4 2169,70»%
Main z sub x swb-sub plot 8 534.68
Ervor (o) 6 42%,88

* Significant at 0.05 level
¥# gienificant at 0,071 level



Appendix IX

Abstract of ANOVA
Total leaf area

Souree ag us
Replication 2 527405,27*
Main plot 2 3308936,.42%%
Brror (a) 4 51297.99
Sub plot 2 170792.99
Main x sub plot 4 14588,60
Zrror (b) 12 64293.98
Sub-suk plot 2 474515, 58%%
Main x sub=-sub plot 4 1328617 430+ *
Sub x sub-sub plot 4 251725.63%%
Main x oub x sub-sub plot 8 1063%6,.79
Error (c) 36 28884 .41

# Significant at 0,05 lovel
% Significent at 0.01 level



Appendix X
Abstract of ANOVA
Tength of mother rhizome

Source ax it
Replication 2 1.97
Hain plot 2 27.083%%
Eryor (a) 4 0,28
Sub plot 2 5.56
Main x sub plot 4 9.08
Frror (b} 12 2494
Sub~-sub plob 2 15,98%%
Bain z sub=-zub plod 4 2.086
Sub x cub~sub plot 4 2.56
Mein x =ub z sub-sub plod 8 0,95
Exyor (o) 36 2,02

#% Significant at 0.01 level



Appendix XI
Abstract of AROVA

Hunber of primary fLinger

Souree afr 5
Replication 2 0.0%
Hain plot 2 1.38
Error (a) 4 0.43%
Bub plot 2 0.47
Hain x sub plot 4 0.047
Brrer {b) 12 0.16
Bub~zub plot 2 0,39
Main x sub-gub plot 4 0.03
Sub x sub-sub plot 4 020
Hain x sub x sub-sub pled 8 0.27
Evror {(e) 36 0.23




Appendin XI1
Abgiract of ALOVA

Number of secondary finger

Sources ag M8
Replication 2 2.73
Main plet 2 4¢55%
Error {(a} 4 0,65
Sub plod g 1,00
Hajin z sub plot 4 0.42
Error {(b) 12 0.67
Sub~sub plot 2 0.9
Main x sub ~-sub plot 4 0.89
Sub x sub~sub plot 4 2,78%%
Mein ¥ sub x gub-sud pled 8 0.49
Epror (e} 36 0.69

* Significent at 0,05 level
#* Significant at 0.01 level



Appemdix XIIX

Abgtraet of ANOVA

Fumber of nodes

Source af s
Replication 2 1.45"
¥ain plot 2 1,11
Brror (a) 4 0.17
Sub plot 2 0.43
Main x sub plot 4 0.30
Frror {(b) 12 0,31
Sub-sub plot 2 Q.44
Main x sub-sub plot 4 0.19
Sub x sub-sub plot 4 0.04
Hain x sub x sub-sub plod 8 .81
Error (o) 36 0.48

# Bignifiecznt Bt 0.95 level



Appendix XIV
Abstract of ANOVA

Length of primery finger

Source af S
Replication 2 Q.47
Hain plotb 2 2,60
Error {(a) 4 C.92
Sub plot 2 0.63
¥ajdn x Sub plot 4 0,36
Error (b} 12 .61
Sub~sub plot 2 B.38%
Main x sub-sub plob 4 .54
Sub x sub=sub plot 4 0,21
Main x sub x sub-sub plot 8 0.80
Eyror (o) 36 0.83

* Significant at 0.05 level



Appendix IV
Apptract of ANOVA
girih of primary finger

Sonres ag S
Repliecation 2 0.10
fain plod 2 1.19%
Error (a) 4 0.07
Sub plot 2 0.01
Main x cub plot 4 0,58
Error (b} 12 0.23
Sub-sub plot 2 0.07
Hain x sub-sub plot 4 0.28
Sub x sub=-gub plot 4 0.24
¥ein x sukb z sub-sub plot 8 0.39
Error (e) 36 0,31

# Significand ot 0.0% level



Appendix XVI
Abstract of ANOVA
Internodal lengih of rhizoune

Souros ag s
Replication 2 0,007
Main plod 2 0,008%
Zrror {(a} 4 0,008
Sub plot 2 0.087%%
Main = sub plob 4 0.009
Error (b) 12 6.007
Sub-sub plot 2 O, 12%¢
Hain x sub-sub plot 4 0.00%
Sub x sub—-sub plot 4 0,041%<
Hain z sub x sub-~sudb plot B 0.007
Ervor (e} %6 €.007

% Significant et 0,05 lovel
#% Significant at 0.01 level



Appendix ZVII
ABavract of ANOVA
Tield of fresh vnizome/plet

Sourece ar e
Replication 2 2.83
¥aln plot, 2 458, T5%*
Irror (a) 4 1425
Sub plot | 2 26,97%%
Main z sub plot 4 6,00%%
Ervor (b} 12 0.74
Sub=sub plot 2 24,15%%
Main x sub-pub plot 4 1.62%%
Sub x sub=sub plot 4 0.40
Main x sub x sub~sub plot 8 0.14
Ervor (o) 36 0.15

* Sigmmificant at 0.05 level
## gignificsunt ot 0,01 level



Appendix XVIII
Abstract of ANOVA
Ouring perceniage

Souree af us
Replication 2 1.66
Main plot 2 1.65
Error (2) 4 0.72
Sub plot 2 0.%5
Mein x sub plot 4 0.65
Error {b) 12 0.70
Sub-sub plot 2 g, 2%
Mein x sub-sub plod 4 0.26
Sub x sub~sudb plot 4 0,56
¥ain x sub x sub-sub plot 8 0.20
Error (o) 26 0.46

4% gienificant at 0,01 level



Appendiz XIX
Abstract of ANOVA
Tield of dry rhiszome

Source af Ms
Replication 2 0,06%*
¥ain plot 2 6.B87%#
Brror (&) 4 0,02
Sub plot 2 0e37%%
Hsin z sub plot 4 0,092%#
Ereor {b) 12 0.014
Sub-gub plot 2 0,63%"
Main z sub-sub plot 4 0,051%%
Sub x sub-sub plot 4 0.001
Main x sub % sub-subd plot 8 0.003
Error (o) %6 0.004

* Significant at 0.05 level
% fignificent at 0.01 level



Appendix XX
Absitract of ANOVA
Oleoresin contenti

Source af S
Replication 2 14.08
Hain plot 2 16,04 us
Error (a) 4 62.10
Sub plot 2 0,08 HE&
Hain x sub plot 4 15,71
Error (b) i2 14016
Sub=sub plot 2 1016 18
Main x sub-sub plot 4 7.49
Sub % sub-sub plot 4 21,77
fimin x sub x syb=~sub plot 8 10,22
Error (o) 36 11.69

BS = Bot significent



Appendix XZI

Absgtract of ANOVA
Yield of eleoresin

Source ag s
Replication 2 23029, 10
Main plot 2 1262096, 75%
Error (a) 4 74650,70
Sub plot 2 91829, 21
Main x sub plet 4 34042.3%
Error (b) 12 £26351.90
Sub~gub plot 2 7277%.06%
lfain z sub-sub plot 4 2689.46
Sub x Sub-sub plot 4 1548494
Main x sub x sub~sub plot 8 8570.20
Zrror (o) 36 16476.44

* Significant at 0.0% level



Appendix XXII

Cnemical characieristics of the soil in the
experimental plot

Content in *Rating HMethod used for
Boil estimaetion
Constituent
Before Alter
experi- experi-
ment nent
Total Nitrogea(%) 0.081 0,089 High Md.erokjeldshl
(Jackson, 1973}
Available 8.63 9.45 Low In Brag-1 exiraci
?505 (ppn) ’ Chlorostepmous
reduced molypdo~
phosphoric blue
colour method
Available
224,5 2417 High In neutral nornal
Ky0 (ppm) ' ' ammonivm ace tate
extract - Flame
photometric.
pH 5.2 5e% 1:2.5 soilswater

suspension using
pH meter

* Huhr et al. (1965)



Appendix EXIIT

Hetsorological data averaged on weekly iniervals during
4pril 1981 to Japuery 1982

Neteorological parsmeters

Honth Week
Maximwn Minimum Total Rumbexr of Relative
tempera- tempe~ rainfall ralny deye humidity

ture rature (MS) (MA) (Ms)
(251) (Mg)
1 2 3 4 H [ 7

April Y981 1 36,00 25.60 0.00 4] 66455
2 36.90 25.70 190 2 66.80
3 35430 25,40 14,20 i 62,90
4 34430 26,00  13.00 2 77460
Yay 1981 1 35,90 25,90 52,20 2 68,95
2 54430 24,70 48,40 1 78.10
3 34,60 26,60  19.40 2 76430
4 32,30 24,50 105,80 4 81,85
June 1981 1 30.50 23,10 394.40 7 91.75
2 28,20 22,50 283,30 7 92.15
3 27.70 22,10 356,80 7 90.10
4 28,80 22,10 143,80 5 86475
July 1981 1 29,90 22,90 131,90 4 8675
2 25,00 22,00 170,60 7 87.75
3 30,40 23,10 19,30 2 78405
4 28,30 22,80 191,10 8 90.10
August 1981 1 28,90 21.60 68,60 5 90.90
2 28.40 22440  50.00 4 86.85
3 27.50 22430 257.10 7 88460
4 29,20 21.90 32,20 4 82,85

(contd.)



Appendix XX1IT eontinued

liomth Hesk M1 P.ig_, E% M4 I&S
Sep:}eﬁ}‘?ex- 1 3070 23,60 48.10 3 79.15
38 2 28,40 22,50 138,70 7 88,20
3 28,50 22,90 252,60 7 83.7»
£ 29,60 22,90 824,40 S 84,25
Cotober 1981 1 %0,80 22,30 11.00 1 81.45
2 30,70 72.60 25,20 2 7875
3 31.50 25,00 10.20 1 TT75%
4 %0.20 22.80 40,00 5 79.%0
November 1981 1 50620 22.50 50460 2 81,90
2 31.20 22.10 27.40 2 73445
3 52.30 22,60 0.00 0 68,10
4 31.30 21,10 22,00 1 85.60
Degember 1981 1 32.20 22,00 0.00 0 60.75
2 32.10 18,80 0.00 4] 59.40
3 30,70 2%,50 Q.00 (4} 65.45
4 21,90 22.00 0.00 (3} 56480
Jannary 1982 1 31,50 2150 0.00 0 55.15
2 52430 20430 0,00 4] 58.75
3 32.70 20,70 0.00 0 57.20
4 33.20 22,50 0.00 0 68,65
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ABSTRACT

A pplit-split plot experiment wes conducted during
1981-82 at tue College of Horsiculture, Vellanikleera using
Kasturi Tanuka as the teuc variely with & view %o arriving
at the optimum time of planting, spacing and weighw of
planting material that caan be advocated for coumercial cul=~
tivation of turmeris. The ireatnents were early llay, middle
of May and e=srly June planiting, 10 x 20 cn, 15 % 20 cm 2nd
20 x 20 on smpacing end 20 g, 40 g and 60 g weight of the
plenting naterial. 7The orop performanes was analysed based
on germinnilon, grovih snd yield parametere. The percenitage
germination vas higher for wue esrly June plented erop with
20 z 20 em spaecing and 60 g pleniing material. It wap observed
that ine plant growth charzcters like number of leaves per
plent and mean leaf aree were significantly influenced by all
the three treaiments. The hbeight of the plant ag well ae
the length of mother rhizomes wore sismificantly influenced
by \tme of plenting =nd weignt of planting material. The
effects of spucing and weight of planiing msterial were manlw-
feated significsntly in the tiller production.

The effect of time of planting wae signifieant on the
nunber of secondary fingers and girih of the primary fingers.
Iength of primery fingers and number of uodes per primary
fingers were not influenced by the treatmenis vnder study.



The highest yield (fresh ae well as ocured, dry turmerie)
wag obtained from ‘me crop planted during ihe middle of Moy
with 10 % 20 on cbecing, using 60 & plenting msterial, Taough
the oleoresin eamém in the _@m&wé a1d nob exhibit any
a;ﬁ;gniﬁiﬁemﬁwma wﬁ.-'ishl_'r%?e&;t 1o the tr’agesmen%, the time
of plapting and }migkaf’ﬁ ‘of ,9;tan~§mg maﬁmw &iﬁﬁiﬁ@a&ﬂy
influ@ziaéd the yield of éiaeméin‘en;?}ar hééﬁﬁéw b&‘mi’a.



