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INTEQDRUESLION Aol

Compered to the economic imporitence of {urmerie the
investigations reporited so for onm its manurisl and other
agpects of culture are very few, Recently the crop has
gained prominence as & foreign exchange sarner, The figures
for 1961«62 and 1962-63 reveal that Rs. 42.5 lakhs and
Ro. 4546 lakhs worth of this commodity was exported in the
respective years to foreign counbyiss., The total area under
cuitivation in India is 1,24,000 acres distributed in the
States of Orissa, indhre Pradesh, Hadras, Assam, Haharashtra,
Mysore and Kerala. The area of the crop in Xerals is 12,000
acres. The annual production of furmeric is 1.25 lekhs tons
out of which 10 alone is exported whereas 90% is consumed
within the country iiself.

Turmeric is essentizlly a crop of the tropics
cultivated for the pake of its rhizome. CLARKL (1875)
considers it %o be indigenous {0 Parasnath in Bihar.
wAPT (1889) however thinks that it is of Chinvse or Cochin
Chinese origin. It is extengively used for culinary purposes.
Its medicinal proverties as carminative, laxatlve end anthel-
mintic have been recognised in indigenous medaeine. It is
also a component of the indigencus medicine proscribed
for the trestment end cure of cholera. Its cosential oil,
$urmerol is used in flavouring food products and perfume
menufacture. The use of turmeric zs cosmetic and also a

naterisl of sanctity on ausplcious occasions is very common.



Therefore the need for intensification of stulies on
different aspecte of culture of this inportent orop becomes
self~evident,

The present knowledge in India of the nutritional
requirenents of turmeric is not very comprehensive, Some
work on spacing, naiure and size of planting material and
cultural practices wers reporied from Bengal, Assenm, Bombay
and Andhra Pradesh recently. Attempts to investigate these
culburel aspecte together with the studies on the nutrition
of the crop were roporited to have beon conducied in Orissa
from 1945-46. TFrom the exporimental date releaged by the
Turmerdc Research Sietion, Udayagiri, Orisva, it could be
soen that the applieation of nitrogen slone increased the
Field by &7% over the control and phosphorus and potash
were reporbted to have ro effect. On the other hand the
invesgtigation carried out by PAUL and FIRNANTO (1944) at
Hugawele in Ceylon showsd that turmeric responded positively
to the application of organic manures aud potush. Since
investigation on the optimum feritiliser requirenents of
turmeric have been rare, the results obtained for a similer
¢rop narely ginger, coming within the same family and having
pilmilasr plent characteristics and yleld, will be useful ai
leagt as an indicator of the trend of the nutr}tional
requirements, But even in ginger about which some work
has besn dome in this State, the resulis reporied are

contradictory. ¥anurisl experiments conducted on ginger at



the Agricultural Research Station, Ambalawayal in 195%8-59
ghowed lack of remponse to niiregen, phosphorus end potash
individually or in combination, »ut PotaScheme (1960) reports
that belanced fertilizer drostment has given substantial
higher returms. Thus it could be seen thal even the rosulis
obialned from the exporinmenis on ginger arve contradictory and
nence the value of such rosulis for adopiion to turmeric is
only very limited. Thowefore, s ceparate study to assess the
optimun nubritional reguirsmerts of furmeric bocomes
esaential.

tueller (1959) reported thet ithe fertility of culti-
vated soil is generally dependent zlso on iis miecroviological
activity. Considersble work hog becn scoumulatving on the
qualitetive and guantitotive neture of microorganisms in the
rhizosphere axd on the nature ard signiflicance of products
seereted by plant roots. DBesic information on the rhisosphere
picrofiora of various crop plant is e mwcesegory prevsquisite
for tho gtudy of problems esscciated with certain methods of
inersassing soil fertillity such as azotobactsramaiion, phosw—
phobacterigation, minerslisation of macro as well as micro—
nutrients, Lochhead (1957) veported thai the actual site
of intevaciion between plants and microorgunisms was the
rhigoophere and a8 such any variation in ihe populeation of
microorgenists in the rhizosphere would ulitlwately be reflected
in the uptake of nutrients by the planis. Ilunec Ramspresad

and Sirai (19%6) have reported tunt the colouring matter
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curcunin, as well as the esseniiazl oil ‘tummerol ere both
bacterieidal ag well as bacterio staotic, one cen normally
expect a certain amount of diffusion of thoese materizals in
the rhizosphere region of the turmerdie plant and {theredby
gome influence on bachberial numbers there. IiHence it ves
thought that a siudy of the baeterial populsiion in the
rhizosphere of furmuric and its surrourdings will throw
some light on 1vs relationship with the nubrition of

burneric,



RTVIEG OF LITTRATURE

Lyporamenss conducied in Indla and abroad showaed
that the yield of yhizomatous cropm like twrmriec and g.nger
could be increamaed by the application of ferililizerg.
ller (1938) stated that bthe vhazome is the region of food
slorage and the great bulk of foods whigh accumulate in
plants can be clegsified into carbohydrates, fals and
proveins. 4According o fhomes mnd Richaréson (19,%) tho cells
of glorage iissue ere not passive rescrvoirs. In thom various
compounds of csrbobydrates are formed from primary sUgeTS.
curtis (19.9) reported thai the developmeri of siorage orgmne
is greantly Influenced Ly day length, lorperalurc and avallable
nutrient supply. Tobert {1951) stnted thet the effeci of light
on mineral nutriiien o plants iz vhieflly an indirsct one
resulsing from the temporature rises concomitent with the
chaorption vl laght and frow the bagic pholo-chemical recchlions
ocowring in plants. Light cem affect tho physiocliogy of growth
through variove pholo~chemical effects such ag alderation of
pervesbility, changes in protoplesmic streamiag ané various
photo-chemicnl oxidasions. Zhe most consplevouns indirecl role
of 1ight in winernl metabolism is through photosy:ihesls.
Caroohydrate supply is necessery w8 a sovroe ol omergy for
the accumulation of nutrients by roots and for csrrysing out
a1l other chemicel veactions. The nineral elewents enter
into synthesis vith materials derived from carbohydraie o

form masabolic and sirucsural components. 11 ibherefore



follows that minersl nutrient requirement of plants is
directly dependant upon the carbohydrate and, in turn, upon
photosynthesis.

Bakhuyzen (1939) states that under favoursble growing
eondltions, the phase of »opld vegetative enlargement in
plants 1s charscterised by progrsssive inaements in absolute
azounts of inorgmnic slements, carbonsdrates snd proseins,
Blackman (1948) reported that bemeflcisl effects of soil
fertilization are primarily due {0 inureese in foliar ares
and of assimilation bissue rather ithan to increase in effi-
erency of assimiletive process.

turing the vegetvative phage of growth there is an
intimate conrection beivesn the synthesis of carbohydrete
and protein. XNot only are cerbohydrates and niirogen used
in the synthesis of proteins, bul & poriion 0f ine soluble
Levose provides ths reaplratory enoergy necessary for the
ghemical reduction of nitrate =zs an anbecedent to arino acids
and protein formation., Mowhes (1971) has shown that all
condibtions such as 1light, photosynthosis and open stiomata,
wh.oh tend to raise interngl oxygen tension favour proteln
fermation. Thus, the rale of phoetlosynthesis as a oource of
both cerbosnydrates and oxygen is closely bound up with nlirate
reduction and protein eynbhosis. Bakhuyzen (1937) stated thab
during the later phese of achive vegetabive growth, the plant
rapidly accumilates coarbonydrates and sppear fo become relatively

lesa efficisnt in protein than in cucbohydrste elsborsotion.



Broyer and Voagland (1943) reported thal maximum
rhizome formation pcoure when carbohydrate is not reguired
for nov. tispue formaitlon ov meintensice of existing iissues.
The Inhubition of growihk may bs dus to lack of vigouwr or reductic
of respliration. laoxiumum rhigoze developmed takes place vben
‘here is internediale long daye, mediun light intensity end
abundant nitrogen supply. JLong days and high temperature
and large nitrogen supply will result in abundant shool growth
and poor rhizoma developmeni. “emperature, length of day and
nitrogen supply significantly influence rhizome - wop ratioc.
lience rhizomaious crops respond dif.orently to fertilizers
according io Lhe scil snd climatic condition vhere it is
ZXL0VNe

Swaven fdngh Turcval (1957) showed that there was
highly significant and positive correlation batween plani
hoighy and plant yield in tuberous planis like colocaosia.

Inra (1959) reporwed that the growth of rhizome and tuber
ig closoly asasocciated with thet of shoot,

Applicasion of inorganic fertilisers:

“xperinents conducded at the Twrmerie Rosgearch Station,
Udayagiri, Orispa showed that nitrogen alone icreased the yield
by 87% over lhe control while phosphoric acid and potesh did
not ghow any positive effocts. Application of sumonium
aulphate at the rate of 90 1b. nitrogen pur acre doubled the
yield over the cuntrol,. Sharma (1960) recommends sn sapplica=
tion of ?;20 1b . of Amponium swiphote per ners under Coimbatore

conditions.
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Jdshby (1948) reporied thet increased dose of nitrogen
increased the rate of leal production in &ll cultiveted crops.
Insufficient nitrogen reduces yield drastically and also
decreages the quality of plant products whersms sxcess nitrogen
delays flowering. FExcess nitrogen reduces ¢ell thickness and
hence planis are more susceptible to the attack of insect pests
ance digeapt vrganisns.

Iorehsm (1960) reporied thel turmeric and ginger are
supposed 10 be sinilar in their plent food requirercnts as
they belong 10 the same family Zangiberaceae. In the fertilizer
trials conducted under the technacal colleboratlon between
herala Agricullurul Deparitment end FoionScheme in 19,7-60, the
the application of 50 1lb. nitrogen, 50 1b. phouphorus and
100 lo. potash per aore gave nawimum yleld in the case of
gingers Heneo a holanced applicavion of nitrogen, phosphorus
end potash 13 vecormended for ginger by the Pouwabeheme.
tpiginal triale conducten in 1759~60 &% the Agriculiurel
lesearch (bation, Anbaleweyal with nitrogen end phosphorus
alone showed what the application of nitrogen and phosphorus
eitbsr alone or in combinution had no response. caler series
of experiuenta conducted al Ambalewayal and “hodupuzhe showed
that the applicabtion of couplote lTerdtilizer wazs better than
the application of nitrogon, phosphorus and potash separately.

In rhizomatous and tubercus ccops, the maln consti-
wuent of which is csrbohydrate, the benefit from n.irogen

nanuring is brovght about by incroesed leaf area and consequent
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shoot growth. Hussel (1961) reports that the effect of nitrogen
on rhlzowme development will be percepiible only on long duration
crops. DBul in shord durasbion crops the effect of nitrogen is
only on the fops Since furmevic is a long duration crop the
effect of piftrogen can be disiinetly seen both on the top and
trle undergrownd rhizowe,

vtork done g0 fme in lateriie soils shows thab the
epplrieation of pheaphorus doos not produce any signlficant
result in erop ylelds. SHtowart (1947) reporied that the lack
of zeuponae to phosphate application may be due io the immobility
of phosphate in ihe solls. HNow 1t 19 well esbabiished that
phosphorus ls of pre~ominent luportance to the crops.

Filliame (1348} and Rossitter (1852) showed that tuber
end riizome developmemy were delayed at highor levels of
phosphorus. Simpson (1G61) reported ihat tho weight of tubers
o0 PpoTLALO ane rhizowes of rhubarb wes litile afiscted by the
application of phosphorus.

Fred {1053} ond Truog (1953) reported thet on a given
#oLl goxie crops responded to aprlication of phosphate uhercos
otkhers did not. The iotal demand for phosphorus by the planb,
whe extent of the plant's yoot systen, and iis gbility toc feed
on the irdigeneous phosphorus in the goll are all imporiani
fraetors in determining plant needs for supplemental phosphate,

Simpson (1961) showed that ou low phosphorus soils
wath moderate applicatior of supexr phosphato, The relation-

ahip bedween earbohydrate aeccumuimntion and phosphivrus uptake
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was positive and curvilinesr but on high phosphorus soils the
relationship was strongly rnegative and the final yield of fdry
matier was often reduced by increasing rates of application
above the critical level.

velie (1959) reports that the non-rosponse 0 &
fertilizer ircatment may also be due to & process orlginat~
ing from a reaction between goil and fertilizers. 411 the
major elements, nitrogern, phosphorus and potash are subject
t0 the phenomenon of fixasion in varioup climatic reglons of
{the world. Soile distingulshcd by such & fixation capacity
do not show the ususl progress on the yield curve while
incrcasing quantitics of m particular nuitrieni are applied.
A yleld increase becomes evidsnit only after the fixaiion
capacliy of such soils is satisfied o a certain degree.

Thae red and laterite soils, prodomivent in tropical zones
with moiel or elternating moist or dvy ssason conditions
belong to this group.

Jordan (1913) showed that up 0 & ceriain point the
prodguction of csrbohydrate, protein and fat incressed with
the incressed phosphorus supply bub beyond certsin limite
phosphorus was not utilised. Hojku (1957) reported bthat
the effect of phosphorus on the rhizomes of rhuberb was
merked only in the presence of niirogen.

Schwabs (1951} showed thet phosphorus deficlency
gepressed the total dxy weight under high poitash nutrivion

and dry weight increases were cbserved under high potash
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when phosphorus levels weye incressed. The distrlibution of
&ry welght among root, rhizome, tuber and leaf was changed
by nutrient treaitment.

Sugaware (1939) reported from Japen thati carbohydrate
accunulation was increassed in underground storsge orgens by
heavy appylication of potash and was lowered by potash starva-
tion. Jansen & Bervhelomew (1930) indicsted bhat maximum
carbohydrate accumulation ecourred in moet hervacecus crops at
levels of potash supply intermediste between deficiency and
lugury consumption. The raitio of rhigome %o tops is consider~
ably increased by potash application. Totash is reguired for
the eynthesis of amino acide end protein from emmonium ions,
Russel (1960) reports thai moderaie dressirgs of nitrogen
and potessiun doublea the weight of underground pértions.

Russel (1930) stated thet ihe conbtent of potash in
plant is lerger than any other nutrient., Addition of higher
dose of nitrogen and phosphorus to the goil reduces the
absorpiion of potash especially vhen available potash is
linited.

viall (1940} and ¥ightingale (1942) have shown that
potash is esgentlal in carbohydrate seseimilation and synthesis
of various producis of carbohydrates. Polash is the most
important nutrient reguired in large quaniliios in tuberous
and rhizoralous orors.

Application of organlc manures:

Several imvestigations reported have shown the reed
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of organic matber application 1n turmeric cultivation.

Ixperiments condueted g% Turmeric Research Station, Udayagiri,

Orissa in 1955-56 showed that manuring with fresh and rotien

cattle dung, niger cake and sal-leaf on equal nitrogen dbasis

were efficacious., Rao (1949) recommended application of

15 tong of farxz yard manure per acre for turmeric,
Narasirhan (1931) reporied that growing sunhemp as

a green menurc crop one and half months prior 1o sowing of

turmeric and ploughing it in before planting is becomlng

popular in Madras States This prachbice while providing

for the supply of adequate quantilies of green manure for

the succeeding turmeric crop, 1s azlso bensficlal in control-

ling organic matier loss from the field due to ithe shading

@ifeot of the previous sunhemp.crop.

Pavl. gnd Fernando (1941) showed that a mingle vice
straw mulch av planting time increased the yield of turmeric
significantly. JRut higher levels of rice straw over 12 tons
per acre 4id not show any correspomding increase, HKaruvna-
Ratna (1937) recommended en epplication of 20 tons of Parm
yord manure in the mixed cropping of ginger and turmeric in

the central distriets of Ceylon,

Hierse snd Mghapatra (1960) recommended an aprlication
of 20 maunds of groundnui cske before planting followed by
top dressing with casior cske at 10 maunds per acre., In

Origsa cultlvators apply lerge guantities of wood ash 1o
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furneric. Bulb the experimonis conducted a% Twmeric Rescarch
Statzon in Orisea showed thadt the ¢rop dild not respond to
the applicavion of wood ash,

The resulse of experiments conducted on ginger at the
Agricalbural fescarch Siatlon, tmbelavoyal showed that the
application of 10,000 1b. of green lcef per acre al the time
of planting and & second wpplication of 5,000 1lb. por acre
aboul 45 days afler planting were highly benefieiel,

Poi. Sayed {1960) renorted thal ihe applicabion of 10,000 1b,
of powdered cattle manure Lo supply S0 1b., nlzrogen had the
sane efiecel ae aprlying balf fthe quantily of nilregen ss
cattle manure and the rosaining 25 1lb. npilvogen in the forp
of amoniuwn sulphetec, For tne waxluum produchion of ginger,
apvlication of boith orgonic and 1nOTHENIC MBLURSS are
essential,

cuping of ‘wymoric:

thdizomen vhich ars vrownish yellow in colour consisis
of a central bulbous porflon bearing a nuwrber of finger like
lateral off-shoots. Ihe bulbous and finger shaped pacbs are
separated and the long flngers which generally command a high
price in uhe market, are broken inito convenient blts. Toe
curing consists in cooking the rhigomos in water uniéil they
become s0fs. 4he water in the cooking vuseel is covered with
iurneric leaves to increase the s beaming effect. UYrivasiava
(1959) reporis That the cocking should be thorough. OCthorwisc

the product 1s lisble io insect stisck. Pajaratnan (1935)
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soys that the duration of cooking adopted in different
locsllitice varies frov 30 wirutes to 6 hours, The cocked
rhizones are dried in tho sunm. The dricd rhizomes are eithey
rubbed on a rough surface or itrampled upon to remove the
outer sidn and 4o produce the desired atiraciive colour.

Sarra and Srishnesurthy (1960) defined the curing
peiceabage es Lhe proporbion of cureo and dried producw to
hamdred wrats by welight of green tuyneric or the percenings
reeovery of ctred produce Ivor a glven weight of raw
turneric,

foglraju (1351} reporvy a curing recpyvery of 233 in
tre leocal longe vorlsty of Gunbur dlstrict. Somboslve Hso
{134v) gives the mesn proportion of cured produce Lo vaw
rhizene o8 1 1 4 Yor cuddappss and Cenbur dimiricts.
Yegranarayana fyer {1956) mantions that the outwurn of
dried vroduct varies with the gquality end rypeness of the

»higowes and that 1t rarprs frow 17 to 29% o0 the trash

Sromial {(1944) owotles o wecovery of LT% from jhe
fypes grovr in ladhya Pradesh. Dowad (1939} 4eseribes two
digtanet varleties of turmeric in Bowmbay. OCne of these
eures badly with shrivellied up consiricied swriace and low
percentece of curing, narely, 16 - 177, Tae ciner cures
normelly wiik the curing percentage of 21 = Ze i, haugule
(19%7) reporie ibat the variety 'Honl' giveo a oiring

percentage of 20 ~ 224 in the fgriculiurel College Varwm,
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Poone. Suackdale reports & ouring recovexry of 20% from the
urserie grown in Geylon., Sangameswera Doarma (1960) ieporte
thas the percentage of curlug varies with groups of furnerie
types, the highest values having becr recorded by the eerly
duration aroigjac iypes arnd thoe lowest by the medivm duration
Pontha {ypes. ke long daretion longs tynes resorded nedium
values, ‘e also sloLed that the wmolsture evnvent in the raw
rhizones also varied between Giffcrent types .nd uuration

ELIUNS.

Fiower i,qégi
turierie 1z & chort day plant apd it does nod genersl

flower unmder Soudkt Indior conditlons. Paloeik (1960) roporte
that wurp::pic responded to edght howe phoieoperiod treminenti.
rlanis wrosatew walh 24 hour phobupesriod rroduveed greatest
height and pult out largeor number of leaves and sprovis per
planbe

vopper {1952) davided ilhe abtmimmeni of compelence
to respond 1o photopericd anbo ihrew, racely sthe inltlation
of apilorescence, its elergavion ane difiereniieilon. After
sey init.otlon the rate of develoeprent is anflusnccd by
lunporature. Cardnor and Loouis (1953} have ghowvn that low
lemperature troatuent nust be concurvent »iih or lwnedrstoly
folluw short cays. Uechran {1936} deoonstrated tbat iome
perriure, s80ll wwatture lovel and wdiregen aupply affecected

roprodueiive 4evelopuent I PRpHLC.
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Jagper and Smith (1961) showed that certain levels
of nitrogern, phosphorus and potash in proper balence produced
meximum flovers in chyysanthemar, Detrimentel effects on
gruenth and yield yesulied from high nitregen and low pobtash
ratios but such eifocts weére nob ssen vhen high level of
povagh and low level of nitroger were applied.

~ieroopganisus in fhe Thiscerhers:

Mueller {1959) reported that the fertility of owr
cultivated seile form a parellel %o ithe soll wicrobisl
asevivities, According 1o Velte (1959) the non-response
t0 & fertilleer troatment may slso ke due fc 8 mrocess
origineting from 2 reaciion between soll and fertilicers.
211 the major nuirient elements, niirogen, phosphorus
anéd potash are subjeet to the vhovomenon of fixation in
varicus e¢limetic mones of the world. The phenowenon of
fixation of the above elements is also common in laterite
and red seils. The nubtrients fixed can be released for the
use of growing plaonis by sliering the microbiegl pepulation
of noot acne. AL)l growing plants seorete some substances,
in the doll, thich inerease or Gepress ihe nicrcbiclegieal
activity in the rhizosphoere.

Miltner {1904) introduced the berm vhigosphere to
denote the region in the ismediate vicinity of reoias.
subsequentiy Olark (1948) inocluded in ihe dofiniguon of
rhizosphere the exiernal surface of the plant roote with

the microflora. Tthigesphero effect is the retic of the
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number of orgenisms in the rhigosphere and the number in the
8041l outside the rhigosphere calculated on asoil dry weight
basis. This is expressed as a positive effect, if the ratio
exceads one and negetive, if fractional. Iochhesd and his
asgociates in Canadae have shown the rhizosphere to be a
region important for the growth and health of plants,

The increased microbisl populatiion and activity in
the root zZone hag been ascribed to one or more of the follow
ing reasons (1) the decomposition of the plant roots;

{2) excretion of organic acids, aminc acids, vitamins,
auxine and other allied growith promoting substiances

(3) liberation of carbon dioxide by roots; and (4) modiw
fication of physieal properties of the soil which make a
more favourable medium for the growth of organisus.

Hecent Research work indicated that rhizosphere
microflora differed qualitatively and quantitatively from
that in the soil more distant from the roois. Katzanelson
{1946) showed that the rhizosphere was very favourable for
microbial proliferation. Timonmin (1940), Rangaswami and
Vasantharajan (1962) have observed great accunulation of
bacteria, actimomycetes and fungi in the rhizosphere and
the consequent positive rhizosphcre effect.

The increased microflora within the rhizosphere is
predominently bacteriasl. Sterkey (1930) reported that
baeveria were 200 times more mumerous in the rhizosphere of

sweet clover than in the root free soil and fungi and
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actinomycotes were 10 times more numerous. Adati (1939)
showed that rhizogphers effect on fungi and acitinomycetes
was negligible. Gerhard Gruwmer and Horat Beyer (1955)
reported that the roots of carelins veleased bacteric.dsl
substaence which inhibited bacterial growth in the
rhizosphere.

Katzneleon & Richerdson {1943) reported that
becteria, asetinomycetes and fungi are stimulated differenzly
in the rhigosphers. Starkey (1929) and Timonin (1940) showed
that in several annuasls the bacteriel populction in the
rhizosphere increaged 4$ill the plant flowers, which corresc-
ponded to the grand siege of vegetation end high physiolo~
gical activiyy ond later when the vegetative growth giopped
the populanjion decreassed. Rouatt (1960) has avelysed statis-
tieally and established the preferential atimulation of
micro organism both quelitatively and guantitstively in the
zhizosphere,

Jhe iiorpflora of the Rhizosphere and Plant growth.

Hiltner (1904) claimed thet the incroased activity
of the miecroorgenlems near the root zone was due to the root
excretions. Vest (1939) found that certain bactorial
isolation from the rhizosphere of flax and tobacco thatb
failed to develop in a bassl medium, developed well when
the above was enriched with amino acida or vitamins,

Katznelson (1946) reported thai the microfiora
in the rhigosphore will be grestly affecited by various
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orgenic substances which are excreied by plant rootls or
forrmed by decomposing root cells. The fonslon of carbon
dioxzide, oxygen, water wapour, hydromen ions and other
inorganic lons which will very in the cloge viclnity of the
roots will also affect the rate of proliferstion of nicro-
srganieng.

Sterkey (1929) noted thet rhigusphere populetion
of individual crops differed at successive stages of plant
growth, He found relatively small number of orgenisms in
the early growih stage, increagsed numbers after the plant
had reached congiderable size and decremged numbers after
fruiting. CGreatesv numbers were noted et the atage of
meximum vegetalive growth and at fruitinge.

Virtanen (1992) has found anti-fungal agenis in
seedlings Of_fgg and other plants which contribute to the
resistlence of the plant to fungl.

hatznelson (1954) reported that plent roois secrete
various amino acids and reducing sugars. Bhuveneswarl and
Subha Rao (1957) reported differences in the oot excretions
of Sorghuam Vulgare var ivungu and Brassica Jjunces. Sorghum
vilgare exuded § amino escids in high conceniraiion where as
Fragelcca juncea exuded only 6 in low, concentration,
Sulochans (1958) slso stressed ihe iaportance of rooi
excretions in the stimulstion of micrcorgsnisms in the

rhizosphere which varied with plent species.
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Rovira (1959) reported that the exudation of
amino acids by tomato and subterranean clover was influenced
by light, temperature, age, etc. Sunder Rao and Venkitaramen
(1963) obmerved distinet rhizosphere effect for azotobacter
in wheat.
sLfect of Fanures on Rhizospphere Organisus.

Clark and Paem (1939) believed that the effects
of organic manuring were primarily on soil microflora and
that the root miecroflore was relatively litile affected,
Timonin {1940) Katznelson and Richardson (1943) slso showed
that organic manures dird not greally affect the rhizosphere
microflora. In some cases, however, there do exist indirecs
influences of manuriel treatments. Katznelson (1946) has
pointed out thait menuring mey affect the growih rate,
vigour and maturity of the plant and thet active growih
period is known to influence the flora of the rhizosphere.
Various inorganic and physical treatmenis have been reported
to affect at least some fraction of the root microflora.
Pohlman {(1946) noted that nodules on roois of alfalfe were
largely concentrated in the soil layer receiving a high
lime treatuent.

Lochhead and Chase (1948) determined the
characters of bacterial flora of the soil by growing them
in media of verying compositions. They found that there
is an equillibrium between variouz groups of orgenisms as

influepeed by verious nutrients, Wallace and Lochhead (1949)
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reported thoi characterisiic changes occur in the eguili-
briun belween nutritional groups by the rhizostherve effect.
They &lso reporied that the outstanding feature of this
chenges of equilibrium arxc due wo the preferential stimuw
lation of orgonisms by amine acids secreted by planis.

Tagnerova (1960) showed that bacteria in the
rhizosphere of wheat was incroased by the secrotion of
amino acids from ihe roots of the plant.

vwest and Lochnead (1940) reported that the bacteria
of the rhizosphere of flax and tobacco needed more complex
muatritive requirements than thoge of the corresponding
contrel soils. Thus the bacteria of vhe rhigomphere and
non~rhizoaphere reglon differ in their nutritive require-
ments.

tioldendrop (1962) reported thad joint aciion of
lime, polash end mognesium had a beneficlal influence on
the maintenance of the number of hacieria im {the soll,

Txporinents conducted in laterite solls of Crissa
in 1955 showed thal bacteria increased due to the application
of nitrogen and phosphorus while it was depressed under
potash spplication.

Sunder Heo snd Venketaraman (1963) cbserved that
+the applicalion of ferm yard menure increased ithe popula-
$ion of azotobscier in the rhizosphere ns well as control

solls of wheatl plants.



HATLRIALS AND MLPHOD

Thie chapier deals with the materisls employed end
methode adopred in carzying out tho investigation.

Dxperimental sites

The experimen: was conducted at the Central ¥arm,
Agrrcultural College and Research Inetijute, Vellsyanl during
the second helf of 1963,

The soil in vhich the investigetion was carried out
wags the dypical red loem, cheracteristic of the tract. The
s0ils are highly leached and low in nitrogen, phosphorus and
potash. Sodl enalysis was conducted for the following
constituenta.

Total nitrogen

Total phosphoric acid

Total potassium

Available phosphoric acid

Avaliloble potaszsium

puis

The values obiained are furnished in table I. The
procedure followed in soll analysils is that outlined by the
A0.ALGL(2955),

Manures and Pertiligers:

Parm yerd menure purchased locally was applied as
basal dosme ai the rate of 12,000 1lb. per acre.

Ammonium Sulphate, Superphosphate snd ‘uriate of
potash, purchased from the Tertilizers and Chemicale

fravancore Litd., was used for ithe experirent.
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EXPERICNDAL TICHNICUS,

Lay subt
The oxperiunent was leid out in a 33 factorigl

experiment in the randomisocd block degsign involving 27 treat-
merts in one block ond replicated twice. The lay oub is
given in fig. (1), The procedure for sllocation of the
various treatment combinations fo different plots wos in
accordence vith the instructions of Yates, (1937).

1. Total arcae under the axpesriment .. 0.560 Hectare

2. Gross plol size .s se 3460 x 2.4 {llotres)
3. Het plot size ’e ee 3,04 x 1.82{ do )
4, llarvested arca .e es 05 Square metres,

5e Humber of plois .o e 94

6. Replications .o e 2

Plot Treatmend:
Three fertilisers at three levels and their

factorial combinstiions.

Nitrogen st 3 levels:

NO veee O level

m veee 50 1b, per acre as
Armonium Sulphate.

Ko eses 100 1b, por acre as
Ammonium Sulphate.

Thosrhorus at 3 levels:
PO seee 0 level

Pt esee 45 1bs per acre as
gingle super phosphate

r2 cave 90 1b. ~d0- O
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Potesh al 3 levels:

LAY P 0 lovel

¥1 ve 60 1b. per acre as
muriaie of poilash,

2 . 120 1b, do do

fericulturel Grerations:
The land, kept fallow for the last 2 years, was

dug with manzulty and plots of 3.60 x 2.4 nmeires were laid

out.
lleJLs‘/ Operation
2emlewh we Geabembd Masing
L 4wGmnir3 Breal-ing clods
LLwbmnF wme 16~B=mG3 Leying out plote
20mbwnfsB wom 2lmbiemGS Planting

Manuxrdners

A bassl dope of Parm yerd menure st the raie of
12,000 1b. per gcre was applied on 1ll-06-1963., The analysis
of catile manure used for basal dressing ls given below:

Hitrogen (Totel) . 0.623

Phosphoric acid (Total)a.. Q.30%

Potash (Totgl) - 0.50%
Application of Tertilisers:

The nutrients N, P205 and KEO wore applied in the
forn of ammonium sulphate, Super (single) and muriate of

potash, oul of which the latier two were applied two days
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ahead of planting rhizomes. Hall dose of emuonium
sulphate was applied ome and half montha after planting
alorg with the first wneeding and the secord dese one and
half wonths after the first application.

Planving material end Planfinc:

Primary fingers of burmeric of unifuvra size and
quantity collected from Adoor, weighlng 50 rhizomes per
¥g. wers used as planting material. The above fingers
were cut transversely into 2 equel parts and planted them
at o distance of 30 Cm, apart on 20-=6--1363.
Intercultivation:

There wore 3 hoeings and vwesdings as shown
belows

Date Hoeings and $eeding
Gl l063 40  BenBumll63 First hoeirg ana weeding.

20-3w~1063 40 22~Yme=l963 Second hoeing aend weeding.
22-10-1963% $0 24-10--1953 Third hoeing and weeding.

Pests and diseapes:

The occurence of sten borer Dichocrosis

Punctiferalis was noticed on 12-9-1963 in 7 plots, all of
which had received higher doase of nitrogen. Thers wae
praciically no ettack in plots receivinz balenced fertilizers.
The stem borer was completely c.nitrolled by spraying Tudvin,
But the crop was completocly free from any disemsc,
Harvest of the crown.

The crop was harvested on 7-1-1964 mnd 8-1-1964




26

and the sepavate weights of rhizome and bhulb under each
treament wore recorded.

Pre and Post lorvest Ssudies.

A gtudy of bre following characters was made both

during pre and poat harvest perlod,

Chovacters studied  aoowo OF - nagy arter planting
1. Germination 6 20 22 24 26 28 30
2, Hexght of vhe planis 4 60 490 120 150
3, Number of leaves 4 60 90 120 150
4, Hunber of flovers ] 140
5, Fumber of tillers 1 150
6. Yumber of bacteris in

the rhizosphere 1 120
Ts Yumber of bacteris in

respective control 1 120

Pogt Harvest Bsudies.
1. %eight of rhizomes from net aves,

2. feighi of bulb from net area.
e Curing percentago.
Rearession studies.
1. Regregsion of yield on height.
2. Regression eguation of yleld on ruirients and

bacterla.
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Ssmpling technigue.

Por studying height and mumber of leaves 16 planis
were solected ai random excluding border planits. The plants
vere marked and labelled.

Procedure folliowed in the satudy of charecters.

1. Germinadion: OGerninstion of rhizomes started
from 20th day of planting end continued upho 30ith day.
Gernination couny wes recorded on alternate days till
gernination was completed.

2. Height: It wan measured in centlmetres Irom the
bese of the plant from ground level to the $ip of the
longest leaf.

3. Humber of leaveg: Total number of leaves were

counted systematically in each of 16 planis selected for
the observation, The average height and mumber of leaves
were teken for the statisticul analyais.

4+ Humbexr of flowers: furmeric, a non~flowering

plant under south Indien conditions, flowered in certain
treatments. First flowering was noticed on 20-10-1963 and
it continued up to 2-11-1963%, Percentage of plante flowvered
was recorded.

5, Bumber of Tillers: Different nunber of tillers

were found under differvent treatments. Total number, of
t1liers produced were counted in 16 planis selected ab
randem in eaci. plot and average calculated for simtistical

analysise.
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6. Eatimetion of rhizosvhore bacteris: To examing
rhizosphere bacteria 2 « % turmeric plents, 4 months old,
were pulled out at random and genbly shaken to remove
arzcess goll particlss adhering to them. fhey were inseried
in polythene bage and browught to the laboratory. Foots
vere clipped and pub inte 100 c.c. of sterile weter in a
conicnl flask. Sufficient quantity of voote were added
to obtalin & turbidity equivalent %o the addition of 2 %o
3 go of #0il (allace aud Lochkhead 1949). %he conicsl
flogk was sheken thoroughly for half en hour. 10 c.c. of
the goluvion was ftransferred to 00 c.c. of slerilé water,
This process wes continmued till & dilution of one laikh was
ohiuinec. Hliguots of the gpugpension were plated in guadru-
plicate in svil extract asar medlum snd incubsted for sevon
days at room {emperature (Teylor and lLochhead 1308). The
count of bacteria wag teken afier the period of incubabion.

The original rhizosphere suspension from wnich
10 c.c. had been removed was evaporated o dryness over a
water baih end finally in the air oven. The total bacterisl
population wes caleulsled on dry welght beeis for one gram
of soil with correction for aliguot removed.

7. Determination of Bacteria in Conirol Plote: Tor

comparison, ©0il smmples were collected spproximately from
the same deplh as that of the rhigomeg of plant but oulside
root gone. 5 g. of sample was trancferred 1o the conlcal

fiaok contalning 100 c.c. of sterile water and shaken for
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helf an hour. 10 v.¢e of tho auspension was trangferred

to 90 c.ce snd this process continued until one lskh dilution
wag obtained, Quadruplicstie plales were mude with aliguots
of the suspension uging the nedivm of Taylor and Lochhesad
(1958) and incubated st room temperature. Final count was
taken after 7 days as done in the case of rhizosphere
bacteria.

Praparation of So1l agar nedium.

fbout one ¥g. of gerden soil was taken in a porcelain
jar and added one litre of weter to i%. Autoclaved for 30
ninubtes at 15 1b. pressure and 120°C. Tiltered after adding
a litsle CaSO4. The voluwmc wag made up %o omne litre and
0.2 g4 of KQHP04 and 1% g. of agar were added. ¥PH was adjusted
$0 seven by sddition dreop by drop of sulphuric acid and
aterilizged in an autoolave at 120°C snd 15 1lbe. of pressure
for half an hour. The medaium was transferred 1o culiurc
tubes at 10 c.c. each and were sterlised and kept ready.
Curing of rhigome.

The plenis were harvested when bthey were fully
mature, andicated by the drying up of the leave. 200 g, of
rhizone wae taken at random from each treatment and boiled
for half en hour in en esrihen pot. Cocked rhizomes were
gun aried until two consecutive welghings agreced. The
curing percentage was calculated and used for siatisiical

analysise



ZXPLRIMENTAL RLSULTS

The obeervations mede on turmeric and the data
collected during this investigation were analysed statis-
tically and are presented in the tables below:=-

The data of chemieal analysis of soil is given

in table I, -
fable Yo, 1

Total nitrogen lae 0,0464
Total phosphoric aeld .. 0.032%
Yotal potash ve 0,660
Available phosphoriec acid.. 0.0027%
Available potash .e 0.0007¢
PH . 546

Analysis of variance tables for emch of the character
studied, nsmely, height of plant, number of leaves, number of
suckers, number of bacteria in the rhizosphere and non~
rhizosphore, number of plants flowered, yield and curing
percentage are furnished in the sppendices I to X.
Germinations:

The percentage of germination under different periods
from 20th day of planting is given in the table No. 1.

The anelysis of variance table (Appendix I) shows
thet all treatments and inbteractions are not significant.
There is no significont difference in germination percentage
under different treatments. Germination of rhizeme started

from 20%th dazy of planting and continued up to the 30th day.
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Tabte 1T

T— Sumber of days
20 22 24 26 23 30
LAITOLBLL
¢ 48,60 60.50 71.00 91.40 100,00 100.00
50 49,00 61,20 T0.40 93.30 97442  99.40
100 48.50 60.80 T1.90 94,00 98.47 100.00
Thogvhorug:
Y 47.60 59.00 69,40 93.40 100,00 100.00
45 43.40 62,00 72,20 90.00 99,40 100.G0
30 49,54 54.50 T0.50 92.40 98473 99.16
Botesht
0 43,00 61.54 T1.40 90.05 g7.90 100.00
80 45473 G230 7035 94.00 93,40  79.68
120 49484 64,00 TL.23 S0.35 99.45 102,00

Reloht of Planb:

fhe analysls of varisnce table {4ppendix 1T} showe

Pt the effecy of nrtrogen and potash on plant helght le

sipnificmi. Ylerther vhogspnorus nor bhe interacticn of

various cenbinavions of niiregen, phosphorus amd potash

have any significont offect.

The mesn heightv of planis

under different levels of nitrogen, phosphorus and potash

at intervals of 30 days from the 60Lh day of planting is
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given in table No. JIXI., The percentages of ineressge in
height over the respective controls in different treziments
are aleo glven. The response Yo potash 1ig greatest giving
15,104 increase for 60 1b, poitesh 2nd 38,507 of increase
for 120 1b, potash over the conlrol of gero level,

Response to nitrogen is also significant giving
12.25 inerease in height for 50 1b, nitrogen and 22.3% for
100 1b. nitrogen over gere level, Iven though the response
to phophorus is nod significant, an incresse of 4% for 90 lb.
phogpvhorus was noticed. The maximwm height of 53.57 cm, wos
seen when higher dome of nitrogen, phosphorus snd potash
were applied. Mean response to nitrogen, phosphorus and
potash are 3,990, 0.780 and 6,%65 cw. respectively on
150th day.

Number of lezves:

The mezn nurber of leaves pev plant at different
poriods are given in the table We, IV.

The snalysis of variemce teble (Appendix III)
shows that all treatmenis and interactions ars not signi-
ficant, There is no significant éifference in the nunmber
of leaves per plart under diffexent treniments, Vawimum
numbey of leaves were produced betwoon 30%h and 120th days.

Wo leaf produetion was noticed afier 150th day.



Me AW TUIGH® TN M, AT DIFFLR.NT PERIOD

% A i D wie

‘ean height in Om. Percer-  Vean
tage in- pes-
Treatment 60 days 90 days 120 days 150 days creage ponsa
over zZers in
level, .
Eltrogens
4] 13,220 18,350 35,770  35.955 —
50 15,168 20,050 38.550 39,550 20,20 3.990
100 15,330 20,650 43,000 43,935 22.80
Fhogphorun:
Q 14,550 20,050 37.770 37,770 o~
45 14.440 20.250 3I8.950 58.550 1.90 0.760
90 14,220 20,140 39.330 39,330 4.00
Potash:
) 14.330 21,040 32.944 33,220 w—
60 14,000 21,000 38.611 30.702 15,10 64365

120 15.880 22.120 45.770 45,950 38,50
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HEAN NUBRLR OF LVAVS PLR PLART AT DIPFVRINT PLRIOLS

Table I

=] —=

Yean number of lsaves per plant

Treatment
60 duye 90 days 120 days 150 days
Nitrogen:
0 4.50 6425 G450 10,00
50 4,45 6,00 9.00 10.25

100 4,50 6.75 9.45 10,25

Thosphoruss

¢] 4445 6.00 8495 10.25

45 4,35 6,80 9,00 10.00

90 4.40 6.35 950 10.35
Potash:

¢ 4.50 6.45 9.65 10.42

60 4440 6,50 9,70 10.78

120 4440 6,00 .75 10.70
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Lumber of suckeyg:

The aralysis of varience iable (Appendix IV) shovs
that the effeet of nitrogen and potosk slone are significant.
The mean number of suckers per plent under different treot-
ments and the psrcentage increases over ihe correaponding
gero levels of nutrients are zlso given in table Wo. IV.

The inersages in percentage of the nunber of tillers over
zero level due 1o the applicaiion of 50 1lb. pobasgh are
55.8 and 8%.9 for 120 1lb, potash.

The responge to nitrogen is alsg signaficant
giving 58.%0% inerease for 50 1b. nitrogen and 60.60%
increage for 100 1b. nitrogen over goro lovel, Xven though
the response to phosphorus is not significant there is an
incresse of 14.1% for 90 1b. phosphorus over the zerc level.
Uaximus number of tillers, viz. four wers produced by planis
receiving the highest dome of nitrogen, phosphorus and
potash. lean response to nitrogen, phosphorus ond poilash
are 0.425, 0.100 anc 0.350 respsctively.

Jumber of becteris in the rhizospbere rogion of turmeric:

9he anslysis of variance isble {ippendix V) shows
that the effect of nitrogen and potesh is significant., %he
effect of phoaphorus and other intorections are not signifi-
cante. The meon number of bacteris in lakhs under diffcrent
treatment snd percentage increase over the respeciive control
are given in the tablc V.

The mean number of bacteris in lakho are 14.66,

22,10 aud 20.6 for three levels of nitrogen O, 50 end 100 1lb,
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pey acre recpectively. liaximum number of bacteria is scen
between the levels 50 and 100. The corrvesponding figures
for pobtash are 14,31, 20,2 and 23.4 for 0, 60 and 120 1b.

ner acre respectively. Even though the effect of phogphorus
is not significsni, the bacterrel counis for the levels

0, 45 and 92 are 20.1, 19,64 and 14,58 laxh respectively.
This shows thet artrogon end potlash increase the bacterial
count in fthe rhizoagphere whercas phosphorus reduces them.
i.ean response o nitregen, phosphorus and potash ave 2,970,

=2,40 and 4.650 lakhs respoclively.

HEAN NUMBER OF SUCKERS PLE BLANT

Teble ¥

- -

Hean number of Percentape in~ HMoan
Tree tment guckers per plant cresse over regyonse
zero_level

Hitrogen:

1.20 e
50 1,90 5843 0.425
100 2.05 66,6
Phosyphorus:
o} 1.42 e
45 1,60 13.30 0,100
90 1.62 14.10
Polaghi
Q 1.11 —
60 1.73 55.80 0.350

120 1.82 63.30
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L -~ gL

Hean nusber Ferceniege Leen
Treatnent of becteria irerecse over T8YPONEE
in lekhs zere lovel in lakhs
Nitrogen:
0 14.66 —
gy 27,10 514l 2VT0
100 20.60 41,10
Plhosvhorus:
0 20.1.0 ——
45 15.64 ~2+40 -2440
a0 14,58 ~26.30
Fobash:
0 14.10 -—
60 20620 42,80 44650
120 23440 86,40

Humber of Hacteria in the Son-rhigzosphere FTegion:
Tho snalysis of variance table (Appendix VI) shous

that the effect of nitrogen and phosphorus alone ia significant
Tne mean number of becteras in l«the under differant trecv-
mend end the porcentrge increawe over the reapeciive control
are given in the Lsble VI. I dg ssen thal fthe spplicebion

of nitregen increases the becterisl count up to o sioge and
thereafter bocterial count dscreeses, As the level of
phosphorus is ancreaged 10 45 1b. increase in nuagber of
bocveria over the control 1s 4.7 wheroas the aprlication of
90 1b. decresscs bacterisl numbors by 0.6%, The bacterial

nurber 1s reduced by 23.4% when poisshk is increessed Lo the

level of 120 1be wyysppn bacterial population of 13 lakhs
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is seon under highest lovels of aitrogen, phosphorus and
potash.

BACTRRIAL COUNT I THPE NON-RHIZOSTHER™ R GION
Teble YL

-~

Treatment te gcﬁ?ﬁ?fix‘iﬁf inggfgggtgggr razégggse
lakhs control in lakhs
Hitrogen:
¢ 26,10 -
50 29.80 14,10 0.40
100 7 26.90 3407
Phosvhorug:
0 23440 -
45 50,80 4.70 0,10
90 29.60 060
Potnsh:
0 51460 -
60 33433 1040 -5+690
120 24422 =23+40
HoPo 51,50 -—
23501’45 23.60 =25 230 ~35850
¥y00790 29.20 = Ta30

Ratio of the number of bacieria in the rhizogphors to the

fiumber in non=rhivosphore.
The microbial populailon of the rhizosphere may be

corpared with the population outside the rhizasphere by

using a mumericsl value, the R/S roatlo. Shis ratio is the
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mmber of orgsnisms per grem of rhizosphere soil divided

by the nuwmber per gran in the nom-rhigzosphere yesion,

The ratics are tabulaied and given in table VIII,

ZTable I

e

Humber of

Fumber of

Treatment bacteria in bacteria in R/8

% P X rhizosphere non-rhizos;):here ratio

{lakhs) lokhe

0 4] O 10,00 40.2% 0.24
0 0 60 18.25 27.00 0.66
00 0 120 28450 19.25 147
G 45 0 11,00 32,00 0.3%4
0 45 60 12.00 22,00 0.54
0 45 120 184,50 20450 0.90
0 90 0 12,00 45,00 0026
0 90 60 11.25 26,00 0.42
0 90 120 12.00 21.00 0.57
50 0 0 16.00 34,00 0.47
50 0 60 24,00 31,00 0.77
50 0 120 27.00 26,00 1.03
50 45 o 14,00 32.00 0.43
50 45 &0 30,00 26.00 1.15
50 45 120 18,00 27450 .66
50 90 0 12.00 16,00 .63
50 90 60 26,00 46,00 0.66
50 90 120 30.00 3150 C.96
100 o] 0 20,00 30,50 0.66
100 0 60 24450 32,00 0.75
100 ¢ 120 26425 26.00 1.08
100 45 0 20,00 3700 Ge54
00 45 60 21,00 3%.00 0.63
100 45 120 %2.00 29,00 1,10
100 90 0O 12.00 16.00 0.75
100 90 60 13.00 16.75 0.81
100 90 120 16.50 13.00 1.27
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Flovering:

The anelysis of vaviance table (Appendix VII)
shovs thal the effect of nitrogen ls highly significant,
the percentege of plants flowering for the thres lovels
of nitrogen namely 0, 50 1lbe and 100 1b, being 2,1, 2.8
end 0.55 respectively. The porcentage of plenis flowore
ing wecyensea as the lovel of nltrogen inareases. 1Ihe
offeet of potesh, even though, nol satisticelly slgnie
ficanty seems to increasse the percentase of planis
flovering. Corveogsponding to 0, 60 and 120 1b. potash
per acre the percentage of pilonis flowered are 1.2, 2,0
and 2.2. Higher levele of phogpborus slso give a higher
vereoninge of planis flovering even though there is no
gvatisticul significance, But the highee{ percentage
of 5.5 io seen for the combined ireaitment of 50 1h.
nlirogen, 90 b, phospborus and 120 1b. potask followed
by 4.5 corresponding %o tuvo treatuent combinatlons
5350?0?:50 and I\§01°4_51’120. The lovest perpentage norely

zero has becn obssrved in 3 treaiment combinations

ePtor Troofofo 30 FgotasFiage
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SERLOT OF DIFPERNNT OR. ATUINTG OH PLOV RING

— e e e

Percantage Percentage ¥oan
Treaiment of plant increase over regponse
flowered eontrol in percentage
Nitrogens:
0 2.10 -
50 2480 33430 ~0e775
100 0.55 TLe&0
Fhogphoruss
[+ 1.40 o~
45 1,90 35.71 0335
90 2e17 55.00
Potaahs
& 1.20 ——
60 2400 066460 0.500
120 2420 83.30
Yields

The anelysis of varisnce uable {Appondix VIII)
showa that the effecet of nitrogen and potash sre eignificant.
The effect of phoephorus and the interaciions are not
significent. This la similar 5o the obsérvations on olher
growth characteristlics. The mesn yield per plot in
Kilograms for dAiffersnt levels of muirients is given in
table Hoe %X. The mean yield caslculebed on acre basis and
perceniage increases over the respective geroc levels are
given in table Ko, ¥I. The mean yield por plot for differsnt

treatments is also glven in table XII,
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The response due fo polash is the maxinum giving

30,704 increase for 60 1b. poiash and 90.557 incresse for

120 1b, potash over zero lavel.

The response to niirogen is also significans

giving 15.20% ineresse in yield for 50 1b. nitrogen and

3B.406 ineresse for 100 lb. nitrogen over the zero level.

Twen though the mesponse $0 phosphorus is not

significant there is an increase of 5% in yield for 90 1lb.

vhorenas the perceniage lncrease for 45 1lb, of phosphorus

19 only 1.66 over gero lavel.

Maximam yield of 4280 Xg.

per scre was obieined when highest dose of nitrogen,

rhosphorus and potash were applied.

T'ean roaponse 1o

nitrogen, phosphorus snd potash are 235,375, 49.495 and

457425 Kgge por acre vesvectively.

I% is peen from table Mo, XIT thot the application

of 90 b, phosphoyus in combingtion with higher dopea of

nitrogen and potask hap produced signlficant Increase in

v

yield.
fzkle X
Uean yleld of tupr~ Yercentage “lean
Treatment weric in Kge increage over response

per plot zero level Kgl.per plod
titrogen:
Y 131 J—
50 1.74 15,20 0.290
100 2409 38.40
Fhosphorug:
¥} 1.73 —
45 1,80 1.56 0.045
90 1.82 5,00
Yotashe
Q L.27 warn
60 1,66 350470 0.570
120 142 90.55
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Tableg XX
Fean yield of Fercentage llean
Treatpnent furmerie in  increascd over | responss per
Kge peT aCre. pors lovel aeye in Vg
Hitrogen:
0 1163,86 —
50 1347.42 15,26 235.375
100 16%9.60 38440
Thogsphorus:
4] 1330.04 ——
45 1386.40 1.66 45,495
30 142%,03 5400
Potashz
0 975,01 vovn
60 128%5.42 504,60 457.23
120 1892.47 0450
AYAIAG, YISLL T¥ UG, PRR PLLT
Table XX
3 Thesphorus in ib. per acre
¥ 0 45 90
0 0 1.740 1.355% 1.745
0 60 1,472 1.775 24107
¢] 130 24515 2.63%5 24447
50 0 1.447 1.4987 1,657
50 60 24515 2,967 1.595
50 128 44292 2937 1.952
100 0 1975 1.820 2,375
300 50 2,107 2.452 34237
100 120 42425 54087 5.462
Hean 1.732 1.807 1.822

CD = 0.865
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Retio of rhizome fo bulb:

She rallo of rhizome ta bulb calculated on ploi
yield basle is given in fable Yo. XIII.

ihe analysis of varismee table (Appendix IX)
shows that the effect of nitrogen alone ig significant vwhereas
the effect of phosphorus and potash and other interactions
are not significant. itrogen has s significant depraessing
effect on the ratio of vhizome to bulb. The response o
the application oY potash is not statistically significant
but a percentege increase of 16.007 for 60 1b. potash per
acre and 12,75 for 120 1b, potesh per acrs arve seen, IBoth
phoaphorus and potash incresse ihe raiioc only up %o a
certaln stege but higher dosc of phosphorus and potash

decreage Lhe ratlio.

Yable XIIT

- e dre

Tromment SRt EStloof  Teregniase tnergese
Nitrogens
0 357 —
~ 50 217 ~22.40
100 2,14 ~39 .40
Phosphorug:
0 2.88 —
45 2+94 2,08
90 292 1,40
Potagh:
0 2.75 -
60 Je24 16.00

120 3410 12,70
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Sured Producas

The yleld of cured produce for different itreatments
is given in tuable XIV.

The analysis of variance fable (ippondix X) shows
that the effect of potaesh alome is significeni. The effect
of nitlrogen, phosphorus end all other anteractiond are not
significant. The mean yield of cured produce estimaved on
plot basis is given in table XIV,

The incresse in cuyed product is ~axinum for potash
glving 27.20% for 60 1b, and 75,84 for 120 1lb, over zero
level, Iven though the effect of nitrogen is not statisti~
cally significant there is an increase of 45% for 100 1b,.
nitrogen over zero level., The response to phosphorus is
even smaller, the corresponding incresse in yileld being
Told ond 8,467 For tho ftwo levels of 45 and 90 1b. per
acre. Fean rospones Lo nilrogen, phosphorus and npotash

are 0.147, 0.032 and 0.224 Fg. per plot respectively.

Zable XV
Hoan weight of Percenteges tYeen
Treatuent cured produce increanes over responae
in ¥g. per plod zero lsvel. in Ege
Niirogens
T 0 0.652 —
50 0.756 20455 0147
100 C.547 45.24
Phosphorus:
0 0.756 -
45 0.810 Teld 0,032
90 0.820 8446
Potagh:
0-592 —
60 0.753 27.20 0.224

120 1.041 7584
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COTRETATION AND NFERNSSION STUBINS

in attempt has besn made [ find out the correlation
and the pegresclon equation of yield on height, nitrogen,
potaph and bacterlel count in the rhizosvhere and §/8 ratio.
1. Lsight end yield.

The resulis indicate thai height of pland ig posie
tively correlated Ho the yield. Tho correlation coeificient
is found to bo 0.6%. The regression equatlon of yield (y)
on height (%) wes estimated and found as:

¥y = 0.082+ 1.35
2. fhizogvhere bacteria, nitrogen, potash and vield.

The results show thet yield of turmeric is closely
roluatod o nutrogen, potash and rhizosphove bactiria. Hence
vegression equation of yield {y) on bacteris {x) in ralzos-
vhere, pitvogen (H) end potash (E) wop caloulaited. The
equation ig:

7= 11,2880 4 0.0073x + 0,011H + 0.037%
+0,00024 5 -+ 0,00033%,

3. B/8 ratic and yield:
RB/$ ratic denotes the raitic of the number of bacteria

in rhizosphere to ihe nunber in the non-rhizosphere yegion.
It i@ scen that yield of turmoric is closely correlated do
®/% ratio ond the correlation coefficieni being 0.75. fhe
regreesion couation of yicld per mere on R/S ratic was
calculated and found as:

y = 108%x + 508.2,
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LOOHONIOS OF MARUPILG

Culfdivators are interested only in the economy of
fertilizer epplication. Hence the resulis nere aloo subjected
to the analysis of thelr sconomics. 8ince the effects of 21l
anteractions are anot significant, the main eoffects alone have
beon tuken into consideration. The economies of various
treatuenis ave given in feble Ho. XV,

POONDETCS OF TR 4T ¥eg
Tabls XU

L3

Yield Value of Cost of Profit
ireat- per  Ixtra yield  extra fortili= 5ol
mente, acre in L. yield Zere. T L08

in i Ro. 0P, Hge 0P R8e 1P
f:@ 1168.86 haend »a *e e
:.50 134704‘2 176.74 71.20 47 050 +23 070
3100 1639.60 470,74  1Bg.28 95,00 ¥93.28
PO 1330004‘ L X LR . LEJ
Pag 1429.43 39.38 28459 87.50 ~27 7%
KO 9?8101 . ,e e - %
EGO 1285440 307.39 122,96 42,00 +80.96
Lo 1892447 914,46 364.76 £4.00  4260,76

it can bo coneluded fron ihe gbove %table that,
among the three nutrients, potash hes given the highest
profit per acre. Hltrogen comes nexi inm order. TFhosphorus
spprlicsiion hes rosulied in net logg.



DISCU3SION OF RUSULT

Resulds presented in the przjious chapter are
diseussed in the following pages. 7%The findings of the
investigation are discussed in the following crder of
clagsification,.
A+ PEE-MARVILE STUDILSG:

1. Germination.

2, Beight of plents,

3+ Bumber or leaves.

4, Number of suckers.

5» Pactoxia in the rhizosghera,

6. Bacteris in non-rhisosphere.

7+ B/S ratio.

8. Flowering.
B. POST HAZVEST SIUDIIG:

1. ¥ield.

2. Ratio of zhizome to tulb,

3. Cursd preduce.
A, PRE-HARVEST STUDIES:

1. Germinantion of rhizomes.

The rhizomes uv{ vniforsm cize were planted on
20~=6=~=1363 ani 2L--6--106%. GCGermination started 20 days
after plmmbing and continved up o 30 th day. The data
presented in table Fo, IT show that there is no warked
difference in the rate of germinasion wnder differeni

treatmenss of nitrogen,phosphorus and polash.



49

Seeds and seed nmaberizls depend for germination
and sarly growth on thely stored food matvrials and not
on the food materiels svallable in the substrate in vhich
it sproutg. Unless the substrete brings in variastions in
moisture, seration end warmth, it camnot affecl germinetlon.
In the present lnvestigation since the planting wes done
in the month of June, ithe seapon of sbundant Jouth west
wongoon, various domes of ferdtiliser application did not
affect variebly the molsture intske by ilurmeric. DTemperaiure
and aerstion ave alsc uniforam in different itreatments.
Henee wniformity of gernination wes noticed in all trealb-
mente, This is in agresement with the findings of Jwaren
singh Purewal (1957) who has reported that dlfferent
fertilizers have no effect on germination of tuberous
orop like colocasin.

Height of plents and number of lesven:

the date presented in table TII show that the
height increascs at a very slow rabe up to 60 days afier
planting end the rate of growlh increases rapidly therszafier.
There io no increase in height after 120 dsys snd moximum
growth is observed between 50 - 120 days, The vclationshiy
beitween herght and yield is given in figure Ho. 3.

fio glgnificant difference is noticed in the number
of lesves under different treatments. The data prescnted
in table Yo. IV show thel naxinum number of leaves ave
produced between 90 -~ 120 dsys after planiing. %There is

no production of lesaves after 130 days.
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The slow rate of inercase in height up to 60 doys
may be attribubted to the small ewbont of developrment of
the root systen and the dependonce meinly on reserve food
naterial in the seed rhigome. During the third snd fourth
monih affer plenting, plentes produce large sized lesves
for $he mamufacture of greeber amounts of food wnd & well
developed woot systenm for grester abscrption. This resulis
in rapid increase of height.

The slow rate of growth after 120 days indicates
that the plants are advancing towards malturity and rhizome
development. The food meterial produced by photosynthesis
vaich was being utiliscd by the plants in large amounts for
their growth till now, gets diverted for the rhigome forma-
tion. Thus the rate of growih ceases considevably from
120th day onwards,

The percentages of increase in height over tho
respective control in differemt treetments ave given in
table Bo,1IT. The response o potash is groatest giving
15,1% increass for 60 1b. end 35,54 for 120 1b, over the
conbrel of zers level. The meen respouse to poiash ig
G.365 cnm,

The response to nitrogen is also signiflicant
giving 10,20,s increase in height for 50 1b. nitrogen and
22,804 for 100 1b, nitrogen over zero level. The reaponse
to phosphorus im not sigmificant but an increase of 4%

for 90 ib. phosphorus ias noticed, The maximum height of
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53,37 cm. wag noticed when higher dose of nitrogen,
phosphorus and potash was applied.

UMsaguremonlts rade wnder the itenm height and
nmrber of leaves relate only o ihe elaboration of the
leaf tissus, becouse, tupmeric ig a plant which has iie
sten portion undey ground. The shoot portion above ground
constitutes only the leal sheath and lamina, Sced
rhizome planted mends out yoots into the goil and leaves
above the ground. In the early stages, the niitrogen
absorbed by the roois might have been nmainly uyilized for
tispue dbuilding of the bulk poriion of the underground
gtem rather then leaf tissuc above the ground. Butb after
90 days, nitrogen nutriidon with a more elmborate root
ayatem scems to he d:i.v_ertea for a nore increased rate of
development of the asrisl portion. Resulis of experiuents
conducted on rhigomatous crops like gingey sl Anbalawasysl
in 1955-56 plso had the geme trend obielned in the presoni
investigation on turmeric.

Rumbexr of suclkorss

The rThigomes of hurmeric are naxed variably
accoxding to tho order of development. Ths first formed
ave the primary moibers (rousds) followed by secondery
mothers and primery fingers. The primery fingers in course
of time give rise to fingers of sccond and somoiimes third
order. The suckers are developed from sccondary mothers

and in lster stage from the primary fingers. EFence number
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of suckers will give an ardication of the number of
secondary mothers, consequentily the yield,

The dela presented in table ¥o. V show that tre
effect of nitrogen and potash alone sare significant.
Plents un control plods and those under phosphorus ireate-
nent did wob produce any suckers., lsxinus sucker count was
seen in plants roceiving balanced feriilizsra., The numoer of
sprouts increases ag the number of secondary mothers and
primary fingern incresse , {ence number of sprouts may he
coasidered as an indication of development of underground
rhizonwe.

exigun number of suckers per plani, namely 4, was
produced by plants receiving highest dose of nitrogen,
phosphorus aad potash. This treaitment also produced maximum
yield of 4280 Kge poer acre. The plots ithat received no
manurcs and those receiving phosphorus alone produced
minimun yield. Applicaticn of complete fevriilizers produced
more yield and suckers. tHonce it mzy be stated that the
number of suckers is clogely related to yleld,

Iacterie in rhizospherc, non-rhizosphere and B/S rotios

in aceive and {turiving urcrobial populalion is
necessery for good growth of crop piants. Vhile releasing
major nubrieaits such ag nitrogen, phosphoruc and pobash in

aveilable for fyoum decaying plant paterials, microorganisms
utilise & part of 1% for bthear growth. The life cycle of

higher plamys and the liile cycle of microorganisms gre
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mutualiy depsndent. The dmta prosented in table Xos. VI,
VII, VIII and Tigurea 4 A and B brought out the folloving
Tindings.

In NO?OKQ treatment, the rhizosphere count is
10 lakhs whereas in the rogion awey fron the rhigosphere
the couni is 40,25 lakhse. This reduction in the bacierial
count may be dug to the effect of iturmezric root exeretlons
and elso due to the gpecific nuiritionsl requiremsnts of
the sgoll bacteria., In the rhigosphere region, the crop's
requirement for nutrients upset the balance., This may elso
be one of ithe causes for veducilon of bacterial numbers,
The minimum counl of 10 lakhs is pesn in the rhigzosphere
of turmeric reeceiving no menures,.

The count in rhizosphere snd their respective non-
rhigosrhere control for ‘treaitments HSOPOKO’ ﬁlOOPOKO are
16,00, 20.00 lekhs and 34,00 and 30,50 lekhs respectively.
An incresse of 4 E;khs in the rhizosphere and & reduction
of 3,50 lakhs in the non-rhizosphere are noticed when the
dose of nitrogen ip Qoubled.

The count in the rhizosphere and control for
treatments N0P45¥0 and NOPQOKO are 11.00, 12.00 and 12,00
and 32,00, 45.00 lakhs respectively showing thet there is
no sppreciasble increase in rhizoaphere count with the
inerease ol phosphorus. She effect of phosphorus on yield
ig 2lso negligible,

The count in the rhizosphere zsnd thelir respesctive
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control for treavments HOPOKSO and I:OPOKJ.ZO are 18,25,
28450 lakhs and 27.00, 19,25 lakhs respectlively. This
clearly sbows that there ig an appreciable increase of
10.25 lekhs in the count of rhizosphere and a significant
reduction of 7.75 lakhs in the region sway from the root
when the doac of povash is doubled.

The couni for K0P45K60 and NOP90K120 in the
rhigzosvhere and non rhigosphere are 12.00, 12.00 and
22.00, 21.00 lakhs respoctively showing that there is
no considerable change in the count due o variation of
fertllizer dose either in the rhizosphers or in the none
rhizosphere rogion., This shows that the effect of
yhosphorus plus potesh on bacterisl numbers in the zbsence
of n:iirogen is very 1liitle,

The count for the treaiments »:501’451«:60 snd };100P90K120
are 30.00, 16.5 and 26,00, 13.00 lakhs respoctively in
rhizosphere and non-rhigosphere. This shows that the
aepprlication of compleie ferbilizer has significant effech
on rhizosphere and non-rhizosphere count,

The reduction in count due o the szpplicatlion of
100 1b. nitrogen as Ammoniun gsulphsete may be explained
a8 follows:t-

ligher concsnsration of soluble nitrogen in the
non~rhizosvhere region evidently resulss in an osmotic
concentraiion of the soil solution unfavourable for the

rultiplication of bacterie vhersas in the rhizosphere
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ragion, due o the depletion of nutrilents by the plant,
the oemotic eonconbration of the so0il solutbe is conotenily
roduced resulting in betler moisture conditions fevouring
a higher rate of muliipliestion of bacteria.

Various doses of phosphorus bave not produced any
offect on rhizosphere count. In the non-rhizosphere region
in the plots weceiving higher dose of phogphorus the
bacterial count ig hnigher ithun in rhizosphere region in the
seme plots. Therofowe the indieation seews fo be that ihe
intake of phosphorus by plant brings about a altuation
vhiere smell gquentities of phosphorus slone are avallable
for baocterial growth in the rhizosphere, This effect
togather with the influence of turmeric mey be responsible
for ‘the emsll mmber of bacteris in the rhizosphere.

The inareasse in the rhigosphers count end decrease
in the region away fron the rhizgosphers due 4o the appli-
cation of potash can be explained as follows. The combi~
nation of the exudates of roots of furmeric with potash
epelied to the soil might have reduced the bactericstalic
or oven the bactericidol properity of such exudetes and
thereby might heve produced a more noutral medium for the
growth of bacteris in the vhizosphere. The gbsorption of
nuvrients by the plant might eleo heve produced & better
oanrotic condition for more rapld muliiplication.

Belanced epplication of nitrogen, phosphorus and
potesh alone will give a more or less cqual count in
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rhizogphere and non-rhizosphere region. It ig conspicuous
that an increase in the dose of nitrogen and potash keep
the count of bacterle in rhizosphere and the non-rihizosphere
in equilibrium. The equilibrium in booterial) numbers in the
two regions of turmeric crop is a&lsc seen associsted with
higher yields. %o 1¢ mey be concluded that o complete
fertilizer application is the beast Tor turmeric in the
type of soll in which investigation was capried out. Vhen
nitrogen and potash are increased the rhigosphere effeci
becomes positive and the corresponding yield is higher.
It is also seen that the yield of tuxmeric is dircctly
correlated to R/S radio and the correlation coefficient
boing 0.75. llaximum yield of 5.462 Xg. per plot was obisined
vhen ihe R/D ratio reached 1,27, This shows tha% the yield
01’“ turmeric can be incressed by increesing the doge of
nitrogen and potash in ¥PK combination vhich will offer
nigher R/S ratio., 2pot application at the base of each
plant of farm yard manure or compogt, which eontaln abundant
number of bactorla, mey slwo incrosse miercbisl population
in the rhizosphers. Nence a higher B/S ratio may be arile
ficially provided probably influencing yield positively.
Jence application of faxm yard manure, compost and green
leaves in the rhizoephere vegion of turmeric ray help to
get higher yields,

Fatznelson {1946) repurted thatv Tertiliszer apprli=

cation might induce changes in the rhizosphers microflora.
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Yoldendrop (1962) reported that the joint action of lime,
potash and megnosium had o beneficial influence on the
naintenancs of the number of baciteris in the soil. fThe
PinQing of this investigation is in sgreemeni with the
finding of the experiment conducted in Orissa in 1955
that bacterie reospond to nitrogen and phosphorus while
the effect of potash is depressive.

Plowerine of turmeric,

Turmeric does not flower gemerally in South Indis.
This dnvestigetion shows that high level of nitrogen
retards flowering, but high levels of phosphorus snd potesh
induee i%, Flants in control plots do not flower. It Im
geen that an opiimum level of nitrogen im required for the
development of the primordis of inflorescence. The opiimum
level of nitwogen is found Lo bLe 36.5 1b. and nitrogen above
and below this level reduces flowering. TPhosphorus snd
potash increage ihe percentage of flowering as thelr levels
are increased. By yvalsing the level of vhosphorus and
potash in combination with 36.5 1b. ulbrogen, the percentage
of plente flowered hes been observed to increase. This
finding is in esgreemony with that of Jasper and Smith {1961)
who showed maximum flowsr production in Chrysanthomum ean
be incressed by higher doses of phosphorus and potesh in

sombination with an optimum level of nitrogen.
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B, POST HARVIST STUDIES:
Yield of Hhigzome, Cured produce and Natio of Rhizome to Bulb,

Yield of turmeric due %o Giffereni treatments~and
yield caleulataed on acre basis are presented in tables X and
XI. Average yield of rhizome per plot ig given in leble XII.
The effect of different treatments on rhizome-bulb ratio and
curing percentage are pregented in izmbles XIII and XIV. The
relationship between Yield and major nutrients is also given
in figure No. 3. .

Application of nitrogen at the ra¥e of 50 1lb. per
acre produced 1347.42 ¥g. vhich is 15,29 more then that of
zero level, tVhen the dose of nitrogen doubled the increase
in yield is 38.4% over the control., The ritrogen content of
the soil is 0,047 vwhich is below the opbimum and hence
application of nitrogen has significant effect on the yield,

50 1b. nitrogen alone gives lower height and yield
averages than plots recelving ‘NOPOKO. The introduction
of additionsl nitrogen induces probably the multiplication
of soil microorganisms resulting in greater competition
for nuitrients with the plant. Uhen the condition is made
more balanced by the application of 60 1b. potash, the
801l substrate conditions become more suitable for the
plent as evidenced by the increase in yield and height
of the plant. This influence becomes more sustained and
very consplcuous when the dose of potash is doubled to

120 1b. Therefore it becomes apperent that in the soil
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subslirate where the microblal activity is increased by
greater application of nitrogen, & corresponding increase
in the potash levels becomes more end more beneficieal
to turmeric plant,

spplication of higheat dose of nitrcgen namely
100 1b, in tho absence of phosphorus snd in combinstion
with varying doses of poteah does not show marked increases
in height or yleld as compsared to the applicaiion of 50 1lb,
nitrogen end varying doses of poissh, This shows that the
doses of potash epplied without phosphorus do not induce
corresponding vigour in the growth of plants.

wusgel {1961} reporis that the effect of nitrogen
on voot and tubers will be perceptidble onmly on long duration
erops. But in short duration crops the effect of niirogen
is only on the btop. Since turmeric is 2 long duration crop,
the effect of nitrozen, secn both on the top and the
vhigore, ig in agreement with the above obgervation.

Adccording to Aehby (1948) the effect of witrogen
in herbaceous planis is rapid increase of leaf production,
Hicher doses of nitrogen which cnhances reduction of cell
thickness neke plant more susceplible to the ntbtack of
insect pests end diseases. The occurence of stemborer,

Dichocrosis Punctiferalis in plots receiving the higher

dose of nitrogen in the combinations NlOOPOY'SO' NlOOPO?‘O’
HSOPOEO’ ﬁlOOPA,SKO confirms the ehove atatenent that
nitrogen induces the attackes of insecis.
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The response of turmerie %o nitrogen is in
agreement wlith the findings of Turmeric Research Station,
Orissa snd those of Paul and Pernando (1944)

The effect of phosphorus on yield is not statise
tically significant, The difference in yield duwe to the

* application of 45 and 90 1b. phosphorus is only 32.63 1b.

per acre. This shows thet turmeric needs only little
phosphorus and hence application of high doses of phosphorus
is not economical,

vhen the plots recelve phosphorus at the rate of
45 1b. per acre, its influence on height and yield in
combination with varying doses of nitrogen and potash are
ag follows, Phosphorus in the presence of increasing doses
of potash and total absence of nitrogen gives progressive
response in height gnd yield. This may be explained as
being due the balancing of nutrient status of substrate
by the beneficilal influence of phosphorus on nonsymbiotic
nitrogen fixation in the soil vesulting in addition of
nitrogen to the soil end consequent balamcing of the
nutritional statuqbeven though no nitrogen was added
originally to the soil.

Yeeping the level of phosphorus and nitrogen at
45 and 50 1lb. respectively, addition of potash at 60 and
120 1b. gives marked increasc in height a2lmost similar
for these +two levels. Uven though increases in helght
occur, the indication is that increasing levels of potash

in combination with a constant minimum dose of nitrogen
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end phosphorus is not beneficizl in incpeasing yields.
iherefore the highcer dooe of potash indueing belter vigour
and growih in height can have commensurase influsnce on
rhizoms developmeni only when the higher dose of nitrogen
is present. Keeping phosphorus et 45 1lb. level increased
application of nitrogen and potash at 100 and 120 1b.
levels hes shown marvked incresse in height and welght of
rhizones.

The higher yields and height of the plant is
traceeble bto the beneficial influence of phoaphorus for
the betier development of rool sysiem resuliting iu proper
utillzation ¢f the higher nutrient status availsble in the
soil due to the greater doses applled. Increasing phosphorus
10 the higher level of 90 1lb. resulted in better growth
of the above ground eiem and some more growth in underground
rhizome.

Bui phosphorus hes not shown any sign:ficant cffect
on yield,curing percentage and rhigome bulb ratio. In the
early sbages turmeric requires phospnorus for rool develop=—
moni as suy other crop. Zut in the later sisges the develop-
ment of tue rhigome a8 a funchion primarily of the storage
ol carbohydrates. A% this stage the translocation and
accumulaiion of carbohydrates is mewnly related to potash
rather than phosphorug. Hence the limited response to
vhogphorus mseen in this investigation is simlilar to this

sharacieristic noted generally In fubercus eropa.



62

fmong the major nutrients potash has ke greatest
effect on yield. Application of 60 and 120 1b. potash
produced 1285,42 g, and 1892.47 Kg. per acre which ave
respectively 30,70% and 90.50; over zerc level. This shows
that the application of 120 1b, potash almosi doubled ihe
yield.

Txperiments conducted on rhizomaeious crops show
that the growth of the underground storage organ is highly
correlated with the amount of potash applied to the soil.
Jengen and Berthelomew (1930) reported that there is
progressive acoumulation of carbohydraie vhen the lovel
of potash is increased. 2Svellable potash content of the
g0il where the lmvestigasion wao carried out is 0.0009%
vhich is8 very lowv. Thercfore the aprlication of potash
is very essential for increasing the yield of turreric.

In this investlgation application of potash almost doubled
the yield. Thle finding iz in agreement wiih those of
Panl and Termando (1944) and Pao (1949),

1t is seen that nitrogen and potash are rsquireéd
in large guentitlies for the production of good yield.
Application of nitrogen increases the leaf area which
help in gresier carbon asgimilation., The products of
photosgynthesis have to be translocated to the underground
sterage organs for which sufficient quantity” of potash ia
necessary. VWhen poitash is deficient, translocatlion of

food maverinls takes place a2t & slow rate resuluing in
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poor development of rhigome. Therefore aprlication of
Loth nitrogen and poash ig essential for better yields.

Tor botter abeorption of nuirients from the soil,
a well developed root systen ie required. Yor the productaon
of maximwen yield application of nitroyen, phosphorus and
votash is necesstxy. Highest yileld of 4250 ng. per acre
was produccd under the ireatment ElOOPQOYIQO folloved by
7920 Xg. under 1.100P45K120. A fertilizer mixture having
the ralio 2 : 1 ¢ 4 to supply 80 1lb, nidrogen is found
40 be the opiimun for turmeriec.

GChe ratio of rhizome 6 bulb presenfbed in table
No. XIII shows thatv nitrogen has a significunt depressing
effect on the ratio. The increase of ratio due to potash
application ls not statistleally eilgnificani but perceniage
ancrease of 16.00 is seen for 60 1b. potash. The depressing
effect of nitrogen can be expleined as follows: In turmeric
buldb is formed first and development of rhizome from the
bulb teken place about four monihs after planting when tvhe
vegetavlve growlh reache§ the fanal phase., ALpplication of
nitrogen in early stares is almost wbkiliged for the
development of the bulb. ipplicalion of higher dose of
niirogen in early stege roduces the rhizome bulb ratio
by the improporizonaie development of bulb. Hence 1t 13
probable that the application of part of itotel nitrogen
in later steze i.c. duping the develomment of rhizomes

may resull in greater development rhizores. Consequently
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greater rhizome bulb ratio. Therefore split application
of nitrogen is desairable for increasing the ratno.

Hitrogen and phosphoruz have no significant effect
on curwng percentage of turmeric, even though 100 1b.
nmtrogen and 90 1b. phosphorus inerezse curing percentage
by 45.25 and 8.46 respechively over gzero levels. 9he
increage in cured product ig maxirmum for potash giving
27205 for 60 1b, and 75.84% for 120 lb.

sugevara (1939) reported thaet carbohydrate
accunulation was increagsed in underground storase orgens
by heavy application of pobash and was lowered by potesh
ssarvation., Potash is ospential for the increase of dry
matler content of siorage organs and hence curing percentage
ls related to potash absorpiion. The nesn response to
nitrogen, phosphorus ond poiash are 0.147, 0.032 and
0.224 ¥ga por plot respectively.

From thag investigation it is seen that the
application of complete fert.lizer is necessary for
economic produciion of iturmeric. Hence an attenpt was nade
to deierrine the optimum level of nuirients, spplication
of ©2.5 1lb. nitrogen, 43.25 1b. phosphorus and 160.50 1lb.
potash is found to be the opiinmum under the condiiions
obieining in Vellayani where the lnvesiigation was carried

oute.
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SUMMARY AND.GGECLUSIONS

An experiment wes conducted wilh the object of
studying the effect of different levels of nitrogen
(0, 50 and 100 1b.), vhosphorus (0, 45 and 90 1b.) and
pozash (0, 60 and 120 1b.) alone and in various combinations
on germination, height, number of leaves, yield and curing
percentage of turmeric. %The lay out was 33 factorial
experiment with two replications having 27 ireatmenlts each.
Yitrogen, phosphorus and potash were tried in the form
of ’mmonium sulphate, supexr phosphate and muriate of potash.

The resulis of the experiment show that a fertillizer
mixture of 2 ¢+ 1 ¢ 4 ratio to supply 80 1ib., nitrogen por
gere 1s the optimum dose under Vellayeni conditioqpmhere the
investigation was carried out.. Application of nitrogen
in split doses extending up to four monmths aftcr planbting
is found to be effective in increasing rhizome and reducing
bulb,

Since bactericidel property of turmeric is well
known, the effect of fertilizers on bacterial population
in both rhizosphere and non-rhizosphere region was also
studied, in addition to the studies of wvarious morphological
characters of turmeric. It is seen thal nitrogen snd
potash increase bactlerie in the rhizosphere region and
reduce il in non-rhizosphere region, A4 posiiive rhlaos-
phere effect is necessary for better yield.and this

suc-ests the application of organic materisls like farm
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yard manure, compost and green manure. This substantictes
the present prectice of applying large quantity of farm
yard menure and green manures to crops like turmeric and
ginger by farmers. ]It im also noted that polash has a
depressing effect on bacterial population in laterite soils
vhereas mediuvm doses of nitrogen and phosphorus help in
the proliferation of bacteria.!

Regreasion equations of yield on height, nitrogen
potagh and rhizosphere bacteria were worked ovt. MHelght
of plant and B/S ratio were correleated vith yisla and
correlation coefficients were found o be 0.65 and 0.75
respeciively.

CONCTLUSIONS

1, Germination:
Ritrogen, phosphorus and potesh have no effect on

the germination of rhizomes,
2. Helght of planti:

{a) Witrogen end potash have significant effect on
height of plants. The effect of phosphorus is very little.

(v) HMavimum height was seen in planits receiving hiughest
dose of nitrogen, phoaphoruvs snd potash,

(c) Pate of increases in plant height vas found to be
grentest betveen 90th and 120th days after planting.
3. Numbsr of leaves:

{a) TPertilizmer spplication has no effect on the number

of leaves at various siages of growih.
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{(b) GCreetesi number of leaves is produced between
3 « 4 months after planting. Thore is no leaf production
after 150 days of planting,
4+ Number of suckers:

(&) Nitrogen end poiash increase the nuuber of
suckers. Fhosphorus has no effect on the production of
suckerse

(b) Numbor of suckers may be tsken as indication
of yield,

S Bacteria in the rhizoaphere:

{a) Toots of turmeric excrete gsome substance which
has inhlbibory schion on bacterlal number in the root zone.

(b) Bacieria in the rhizosphere respond %o nitrogen
and potagh whereas phosphorus has e depressing effect on
bacteria in the root zone.

(¢) Pacteria in rhizosphere increase only up 10
a level by the application of nitrogen.

{a) Application of higher dose of phosphorus nemely
90 1b, per scre reduces bacteria in the rhiszcsphere.

6. Bacteria in non-rhizosphere region:

{a) PBacteria in the non-rhigosphere respond to
nitrogen and phosphorus, but potash has a highly significent
depressing effect on 1%,

{b) fpplication of higher doses of nitrogen and
vhosphorus is not conducive to the muliiplication of

bacterio.
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T« Batdo of rhigzosphems Lo nom-vhigzosphers bacteria (7/S ratdie)

{a) B/5 ratio is positively correlated to the yield
end correlalion coefficient ig found to ba 0.75.

{b) Positive vhizosphere effect io necepsary for
better yields and this can be achieved by incressing the
dose of nitrogen and potagh in ¥ P X combinatlion which will
increase baciseria in rhizosphers end reduce il in non-
rhigzogphere,

(o) It is suggested that positive rhizosphere
effect can bte brought about by application of farm yerd
menure, compost green leaves, etc,, in the root zone,

{d) The effect of phosphorus and potash on bacieria
in the abpence of nitrogen is very 1little both in rhizosphere
and non=rhigzogphere.

8. Eloweringt

(a) Application of hich dose of nifrogen reducea
flowering but nitrogen applied in conjunction with phosphorus
and potash increases flowering.

{b) Application of nitrogen af 36.5 1b. is found
to be optimum. Witrogen above and below this level supresses
flowering. By raising the levels of phosphorus end potesh in
combinailon with 36.5 1lb. niirogen, percentsge of plamis
flowering cen be increased.

9. Yield of turmeric:

(a} Application of nitrogen and potash increased
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yield signzlicanily over control. Appliecation off 120 1b,
rocach aloac per acre elmost doubled ithe yield.

(®) ww cfiech or prosphorus is seen only in ihe
nreatone of nilzogen and powash.

{¢) hpjliiccizon ol complete feriilizer ig better
tver srdovickal ferializers, Laximum yireld of 4280 #g.
per Llru was Obtained under 100 1b. natrogen, 90 1b.
phosplorus «nd 1<0 1lb, potash followed by 3920 Kg. in
10C 1b. nitrogens 43 1b. phosphorus and 120 1b. potash
frectrent.

W) apyliel.con o1 ¥.5 1b. nisrogen, 43.25 1b.
phoaprurwe and 160.50 1L, poulush 18 the optumun level
reqllrod for the orop. leace a feriiliger mixture of
2 ¢+ 1 : % rotio lo sapply &0 1lb. natvcgon can be
recol. eadeds

10, Petlio of rhigome o bido:

{2} Ni.rogca has a cepressing effect on rhigome
to bulb ra.io vhereas phosphorus and potash increase the
rslic,

o

(b) Appliceuion of @ parv of botal nitrogen at the
tire of aovetoment of crhisome mey increase the size and
quertity of roigepe, .lewct split application of nitrogen can
be recomuerded Loy increasins the ratic of rnigzome to bulb.

11.Curan  pescenivge:

Pobkasn alone nas signafacant effect on

CUrLE OSLCCNTLHC.
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APPLNDIY I
(*nalysis of Varioneo)

Germinetion percentage

Source 80 o Variance T ratio Inference
Total 102.24 53 —_— ——
Block 1.2% 1 1.23 1.41
I 2430 2 1,15 039
P 1,90 2 Ce95 0.32  Treatoeni ore
& 182 2 0.1 0,32 1O elgnificant
up 3280 4 0,93 .32
R 5440 4 0.87 0430
PR 4,01 4 1,002 D.34
jidss GollD g 1.010 0.34
Jriorp 7558 26 2.90 -
APPLEDIN  IT
{Analysis of Variusnce)
(Higné of the Plwnt in 150th day)
Source 48 r Variance F ratio Inference
Total 32772 53 o
Rlock 36,80 1 5G.8 1.95
0 4479 2 223495 Ta7 Siggificant at
P 40.9 2 20.45  0.68 o~ 1evel
X 1485,.8 2 T44 3 25.6 Sigqificﬂnt at
WP Kl 4 7.05 Q.24  0-tevel
v 34,8 4 17.4 Q37
Pr 5441 4 27.0% 0.83
HpY 5Ted & 18,7 0.62
orror 1102.00 26 29,01
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APPILNDIX IIT
(Anslysis of Variance)
(Yo, of leaves on 150vh day)

fource S5 nf Variance F ratio Inference
Total 121.86 33 -
Block 4.62 1 4,62 0.502 ot
i 13.60 2 6.80 1.18 slgnificant
P 10.20 2 5.10 0.92
K 12.42 2 6.21 1.08
NP 15,20 4 3.80 0.66
NY 12.50 4 3,12 0,57
ju'4 11.64 4 2.91 0.503
"R 13%.42 8 1.68 0.29
Trroy 150.12 26 5.76 —
ADVPCONDIE IV
(Analysis of Variance)
Suckers
Source 83 of Variance I' ratio Inference
Total 63,389 53
Block 0,017 1 0.017 0.014
bl 18.219 2 9.109 8,100 Sagnificant
P 0.438 2 0.219  0.ig0 4t 37 level
¥ 13,300 2 6.650 5.900 3ignificant
NP 1.175 4 0.293 0,210
nr 0.019 4 0,004 0.001
B 0,182 4 0,045 0.031
LPL 0.348 8 0.043 0,030
Lrror 30,202 26 1,120




APPENDIX V

(Analysis of Variance)

Bocteria in the rhizogphere

Source S8 e Veriznce I ratio Inference
Total 692.22 26 e
b 151.18 2 65,53 5.60 Significant
P 93.18 2 46.59  3.90 &b 5% level
¥ 216,00 2 108.00 9,10 Significant
up 72,00 4 18,00 1.50 8% 5% level
WX 60.72 4 15,18 1.2
PX 25.62 4 6.40 0.54
Trror 94.24 8 11,78
APPERDIX VI
{4nalysis of Variance)
Bacteria in mon~rhizogsphere
Source S8 ot Varience F ratic Inference

Total 634.26 26 -
N 31.24 2 15.62 1.5
b 450,40 2 22,70 2,2
S 5.64 2 2.82 0.28
NP 280.34 4 70.08 7.008 sSignificant
s 80.70 4 20,16  2.016 = 9% level
K 110.30 4 27.60 2.76
ELrror 80,64 8 10.08




Peccensase of plenbs flowered)

APEURDIX VI
{4nalysis of Variance)

Source 55 bf Variance F ratio Inference
Total 254,15 53 el
Block Tedl 1 Tedd 1.90
B 96.93 2 31.46 8,05 Signaificant
P 5.59 2 2.795 o.71 8% 57 level.
¥ 9,92 2 4.96 1.26
up .72 4 1.18 0.31
ke 16.03 4 4,00 1.02
2h 6.26 4 1.56 0,39
e 5.48 3 0.68 017
nrrer 101.81, 26 3.51

APPLEDI: VIIX
(Analysis of Variance)
Yield of Turmerigc.

Souree 88 of Yariance P ratio Inference
Total 25.6060 53 -
Bloeck 0.7957 1 0,795 4,372
i1 2.9960 2 1.498 8.2%33 Significant
P 0.0843 2  0.042  0.251 8% 5% lovel
£ 12,3128 2 64156 33,000 Significant
XP 1.0510 4  0.257 1.410 2% 57 level
i 0.5187 4 0,129 0.712
L 1.1720 4 0,293 1,510
NPK 1.5971 8 0.199 1.03C
trror ' 5.0975 26 0.182




APPTNDIX IX
(Analysis of Variance)
Ratio rhizome 4o bulb.

dource 55 of Yariance ¥ #atlec Infereuce
“otal 15,070 26 ——r
N 9.197 2 4,598 7,30 Sigriflicank

at 57 level.
P 0.0486 2 0,023 0,03
hid 0,547 2 0.273 0.44
wp 0.168 4 0.042 0.06
i 0.022 4 Q.005 0.008
P 0.049 4 0,012 0.02
Lrror 5.070 8 0.633
APPLIDIX X
{Anglyeis of Varience)
Curing peicentane of turmeric.

Source 88 e Yarience w Ratio Inforonce
Poual 2,265 26 o
I 0,390 2 0.195 2,600
P 0.020 2 0.010 0,013
. 04930 2 G465 6.200 Sigunifzcand

at 55 level

NP 0.050 4 0.022 0.300
K 0,120 4 0,027 0.360
PL 0,020 4 0.005 0,060
irror 0,605 3 0.075
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Flate I
Turmeric Rhisomes
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Plate IX
Turmeric Rhimones
(Under phosphorus treatments)
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Plate IV
Turmeric FPlants
(Control)

nat; g
Turseric Plemt
{Under 100 1v, n:rom)




v s
~ A

\ a ™™
3 -E-g%_ Soae T

PLATE VII
(90 1b. P,0g)




Plate \XI1X
Turmeric Plants
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Plate X
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