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. fepiocs (Manihot utilicsina Pohl.), also known as oarsava,

- manioe, wendios or Juea i o subsidlary food crop of vitsl importance
ixz Eeraia %&te. ¥With about 2.3 lekhs hectares under the erop, |

Keraia maﬁuaes mﬁm m‘m ovay Re«45 c::amaa anmelly,

As & subgidiary food mp of tmamdme calazifie wa:ma

- and v & mca of siepch in textile indusiries, the crop aosumses & -

unique ,impcrtaaca- In the perplexing and acute shoriage of food being :
folt in racent yoars, ne other crop comas o the rezcue of the people
of Hevals, as tsploca doas. Tapioes does not supplant rie}a'as a8 food-

crops bub supplemmnts it to & cosmendabls degrae.

The menurisl trialc on tapicca condusted so far in the.

 Stato have given inconsistent reaulto. Nevertheless, these zesults
 pompt the neceosity of fertilising the orsp Yo reap rich harvests.

Considering this, one is inclined to feel that ell the modam tools
in agriculturel reseazch have not been fully tapped to explolt the
dussense patentialitiéﬁ of incmeasing the yield and quslity of taploca.

me study of soil feriilily pm&an%a s series of dmam.e
and aiveme proviess. Hence it -i8 rocognized that the emﬂiﬁ.axze fer
waximm growth of 6 plent suat be gought from i%s pixvaiﬁlow ap weil.




The complexities of transmission of rutrients from the oeil t@ the
plant necoasitete tissue melyocis as bettsr guides than seil |
enalysis ea far as the muirition of o oxop 19 concerned. To quots
Thomas (1937), @f the mumerous methoeds employed o gonbzol the
nubrition of planis iméer the conditions of proetical agriculiure,
only the method of 'foliar disgnosie® hes eny sericus oloim to be

© baged on phya:zclogical faste establiohed by consistont experimental

results obicined over & long period of yespsW,

The advent of follar dingnosis heralds & nes whase in
the realn of crop fertilisutions Tha term ‘Diagnostic Folizirae’
wed first used inm Franes by Legatw and Meume (1926) in their pioneer
worke The technique as a zoutine conitrel of manupial practices in
sugaresne is now being adopied im Mauritine, British Guiwa; .q?é.sae.ﬂ.eé

and other places.

Folior diagnosis as o vesearch tool 4o evaluato the
nutritional gbatus of “ba\;piecé hag not been tried se fer in Zzwﬁi&.v
It was theorefore thought worthwhilas to cmg su‘;: an invesbigation
in this direction with refersnce to the nudrients nifrogen, .

vhosphorus, potosaivm end coleiwn and with the following objectivags '

1. To gvolve a sampling tochnique for the choiee of plant
part for analysia;
2. To correlate the data on tiscue anslysis with the

yvield of %ubem;



3]
)

(%)

3« T0 gindy the interaction of nutrients;

4o To evaluale the quality of itubers in velation o

mutrition of the planty and

5e To delineate varletel differences, if any, on the

pattern of upiske of muitrients and yleld and quality of tubexs.

The work allofted t0 the author pertains 0 the mubrients
nitrogen and pheephoruss The studies on the mubtrients poisssium and
celolum were underiaken by another positegraduate ghudent of the
Divislon of 2griculiural Chemioiry, Agriculiuxal College and Resenrch

Inatitute, Vellayani.
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Folisy anaivois s a resoarch ool

Goodell and Grogory (1947), in their discussion on chemical
composition of plants as en index of thely nutritional siatvs
exproscod the poesibility and indicated the methods of diagnosis of

Pertilizer requirenenis of plante,

Hadloigh (1949) wremarked that one could reasenably postulate
that for any given combination of environmentel foctors, within argiént;
ticsue there is an optinmum contend of aainéml nutrients for moximm
plent growth end doviations foom this affect ite This is the nirong

basie on which plant enelysis se e diagnostic tool stsouds,

Tandegardh (1951) of Sweden, considered by come as the father
of leaf smalysis, optubliched some fundauental concepte regarding the
technique of plent analysie in his extensive researches on coveela

and pasture greapod.

~

Ochlrogge (1960) working on the minersl nutrition of
soyabean opined that the disgmoals of the mineral mutrition problems
of plents would bo focilitated by knowing separately the camrdinal
cenecentretion of cach nutrient in the whole plent and plant parta,
whereby distinguiching defiolcnoy, adequecy and luwury levels of

mitzitions




Raheja (1962) through his stuiies on »lam: tigsue ﬁeaﬁs es a
xeang o da»emiua o0il deficiency in nitrogen, phosphomus and potagoium,
found that it was & good index m‘ the mutrient status of plant and soile,

Guyon (1948) in on experimenisl verification of the nitrogen
deficiency in apple tree by folier enelysis found that tho healthy
loaves canfaim& shout 243 por cent nitrogen, whmm deficient 1eaves
contained m:ly 145 yrm cante

!?ma (1?954) in & gtudy :_é;f, forest rutxition by f@l&ex enalysie
vocorded that bireh trecs sufforing fron extrene phosphoruse éafé.eiemy
gontained less *%m Dol per eent phoaphors m the leavess With
240 por cent nitrogen in %ha 1&&%@, an ext rem nitrogen &eﬁaimag w28
indicated anfl aﬁ.ﬁm 242 10 244 per cent & moderate deficigney.

Boyers (1955) wying to £ind cub the offect of fertilizer on
the leaf composifion of grape ravealed that mm sulphate inersased -
nitrogen, magnesium and mangenese in lesves and xaduced the uptake of
potassiume | | » h

Iﬁnms (19&3’) etudied plant enslysis in relation %o the
nutzition of sugarcens in JerAics and found thet the velofionchip
between leafd eazﬁgxosiﬁan and the major 393_3._ types woe peopounced and

nivogated leaf annlysis ap & basie for fertilissr preseription.
— Relative yield xesponses of tho erop o nitrogen were closely rolated
to the p’ameﬁt&ge of nitxféagﬁrz in the leaf dry mattor early in thai

groving €0ason.



Clement:. (1953), from & study of erop-loge in sugarcans over
8 poriod of yacrp developsd & mth equation réprasenﬁng stages in
augareana growth, The log was sede from laboratory enslysis for
different conotituento of stalks and groen tops of the plents taken

once in five weoka.

gen (1954) conducted resesrch on the sbsorption of nutrients
by various parts of sugareans stool at different stages of growth and
found that the mitrient resorves of the mother cetts wewe sufficient
for the initiel growth of 30 to 40 deyo.

Evans (1955) studied the minewol status of cugarcans as
Tovealed by foliar analyols in Britich Guleme. Waximun ylelds were
found to be avsociated with the following velues in the chlorophyllous
tieasuea of 3 to 6 month old dewlap leaves. Nitrogon 240 t0 245 per cent,
phosphours 0.2 per cend, potassium 142 per ocent, caleium 0447 0 B
0418 por cent and magnesium 0,08 0 Ou1 Por cents |

Studies on the nitrogen and phosphorus tutrition of
sugaercane at the Indien Ingtiftute of Sugercane Research, Iauekﬁow,
indicated & nitwogen index of 1,75 to 140 Por cont in the prescribed
lenves by epplying 60 1b. nitrogen per acre. Increasing the nityogen
- content to 149 to 2.0 per ?:sn‘& by heavier application of fextilizer
did not :lnmet‘: the yield (Anonymous, 1961). | | _

Ulrieh (1946) conducted plant mutrient surveys in suger
beeis by analysing petioles end reporied that addition of nitrogen




%o soils, where plents wore aimm?y high in mtialez nﬁﬁmg&m ;ﬁ’aileﬁ
0 produco any visible a%‘aa*%; on %hsir growths

Browa {1946) veported %hm‘; soil teste and peticle tests

on sugar best had shown excellent corrolation.

Mewonder gt ale (1954) found a definite relationship
botwesn the sucrcese porcentage and leaf analyeis valuos and botween

the yield end leaf anelysls values in sugar beels _

Joham (1951) veporied that there wes highly eignifiesnt
positive correlation between tho nuirients in the petioclos of cobiton

or coxn and their wespective lovels in the oubstrate.

Zuor ond Abasheeva (1956) recorded that en applicotion of 70 kg
per heotepe of phosphopic scid had mexkedly incrossed the utllisstion
of nitrogen by plents and enhsncod the polesscium and ealcium contents

in the lowsr and uppor loaves of eotbon.

Tymer (1947) euggested tentative critical levels for

- nitrogen, phogphorus and potassivm in the :ﬁixtsh leaf of corne The
tera teritical level! was interprefed by him se the opiimun |
'@aman*amﬁen of & muirient, above which responce U0 fopthey

inorenonts o:i’ 'ﬁﬁz.a mu‘tmeﬁ% whs &a&b*i‘uh

Tumenil '(’?96?) found in corn thet the niirdgen sad phosphorus
conbvent of leaf et 95 per cent of the totel yield varled with the

coneentration of other nutrients.



Boldyrev (1959) found that the g::ain vield in wheat was

corrvelated with nitrogin and phosphorus content of leaves.

Chhonkar and Singh (1963) showed that inerease in the
supply of nitrogen, phosphorus snd poteseium increzsed their contents |
in tho shoot of 96 day 0ld bhindi plants grown in send culbures
Tnoresse in phaszah@mé snd . potessium did not influenes the nitrogen
content, while an inerease in nitwogen mugnented the potassium

contonts Potassium had no offect in phoophorus contont and vice Verste

teonand et gle (1949) ettempiing to cotablish tho
veletionship batweon the min@i'al cmmeﬁﬁ of eweet potadty leoves é;zﬂ "
the yield, obsorved that plonis with leaf bledos of 447 46 560 per cend
nityogen in @@ﬂy o inalsr e :,:5.0‘ 0 3.8 per @@m nitrogen o8 harvest a.nd
with at lens® 2.0 per cont potassiun at all ohages of growth, produced
paxinum yieldo. | ’

Eomert (1946) correleted the emount of 'xzit:,wg%m in the
péi:i@ma with the yvield in potato plante and found that for bigh
yi@mé the petioles should contain 9200 prme niltyogen in the ecarly
ptagen, ebout 500 })}’Izﬁiu fm the pro-bloom été\ge and 2500 p;?% in the

. zamtw-blm gtagoe

Jozdan ob 8l. (1952) fownd that the pewvcentega of g&@spmmé
decreased in the leaves of potate as the growdh przzgmamﬂ, He also
reported that when nifrogen was deficient, a luwmury censumpiion of
phospherus ocoured as ev:menéeé by higher porcantage ¢f phosphorus

in the tuborse



Cours et al. (1961) in their studies on the phellodermic
diognosta of the mutritional status of taplocs, conoluded that the
potasciom _eontent éf the phelloderm was corvelated with. tha potasiﬁm
~applied and also with the yield and deﬁsity of tuberss The
correlations wem; howaver found to be nonesignificant for nifrogen
and. significently nogative for phosphorus. The st#ﬁ‘y was made in
Kadag_auéai on a orop of two yesy duration. .

Sampling tochnique for foliar spalysis:

Thonas (1957) found thet the whole-plant analysie will mot
furnigh a sensitive index of the differences in nubrition of plants
duc to the he%erogenm‘n&mm of tiasuea involved. Ho dasigﬁate@ the

plant part selected for foliex azialyaia e# the 'reflestt, aa it
reflects the minorsl otatus of the plant as a whole.

Lundegandh (1954) pointed out that anslyoing the whole plant
: night be undesirable as minerals in innctive #issues would mask
- functional difforences.

Ulrich (1952) opined that the best time to take semples was
from 8 aume to 12 n}oon'y ‘ ' '

Prevot and Ollagnicr (1954) expressed the view that
consistency of sampling was of prime imporiance, both in regard to
éompmble tisaues and tiwe of sanpling. ‘



Prmert (1959) and Stoyn (1961) obsexwed ihat divimal
fivctuations in the mineral content of tissues ccoursd tmt were

not normally very largo.

gmith (1962) reporited tha the samples have to bs wiped
clean with o damp cloth bofore drying end enslyaings He emphosicod
the importance of collsciing plent samyléa whan the minerel shifts
in them would be et a minimum. |

Brext (1932) working with tomto and lettuce indicated
that the percentsge of e nuirient in the mature corducting tiesus of

& plent wag & good index of its mabtritional statug.

Aynon snd Hoaglend (1943) and Ulrich (1946) stwessed the
importance of selecting 'rocently metured! tissues for foliar analyeis
as thoy would ecomtribute sctively to the growth of the plant.

Lagetu and Maume (1934) envieaged loef as the idenl tissue
to sample since it wes connidered the chomical laboratory of the plent.

Thomas (1957) pinpointed the fsot that the compesition of

B leeven of the same physiological age on different plants would reflect

the d@ifferences, if sny, in thelr mutrition.

Tundegerdhi (1947) zaported that the mutrient content of the
lcaves reflected in gonorsl the supply of the nutrient from the eoll
and its effect on the future yield, |



Helals (1952) observed that the requirements of the major
'm%rian%s of sugarcans could be aﬁaertw by analycis of the oircien
7 mas in diapeter punched from the thimd lesf gampled before flowering.

411 et ale (1954) vecoxded o continuous relationship

| batwesn phosphorue supply and *she-;‘:btai phoaphorus content of potaso
leaven azﬁ honce me@mm&‘cdv loaf aaalgaié as an inﬂex of the
relationship botwesn yield and phoophorue contents

Rogora gt ale (1955) end Ballingor end Msson (1960) compared
the @ifferent plant parts of strawberry and showed that leaf wae ss
sensitive as or even wore senoitive than eny other pleni part as an

index of the mutritionsl status of the crops

2uilde and Chapas (1963) found in ihe case of oil palm
(Flaeis suinesnsia) that the fat, 17th and 25th leaves woze the best
suited for folisr diegnosis, when collcoiad botwaen 7 2eBle 80G 1 Pomde

Dolman et ale (1959) proved thet the sap from tha veins of
potate, oats end malza, when ea“.al;y&e&, mld raveal the slightest
' veriation in the mutrient upteke, |

Uirich (1942) showed thet the potioles of the recontly
im%umm a%.-ape‘vlne leeves reflocted the pobassium status of the

N

vines betier than the bledess

tovena (1944) sclected peticles from definite positions of

potaio plants for analysing the mineral contents,

8
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Ulrich (1955) advocsted peticles for asgeosing nitvate
nitrogen in beet. ‘

Cours gt a1, (1961) in theip investigation to evelve &
diegnostic tecmique féw tepioca found the phellodarm of the mein
otem of i;he Plant %o be most snitableo for asz;easmg the potegaium
atatus of the planis. The yh@uac‘éem was ramaveﬁ aﬁ & wing of
about 1 cme high and 9 te 2 pote thiqk from the base of the main stom

of éné year ©1d plants. |

Huteibional rogquirements of tapiocs with special reforence to

nitrogen and phosphoyus

Cours (1953) reporied thut a hewvest of 50 tons of roots
erd 25 tons of wood zemoved from the s0il 253 kge ndtrogen, 28 kg

phoaphiorus, 250 kg. pa%aemiﬁm, 42 kge colcium and 29 kg. mognosium,

¥alevolia gg. ale (1 955) roported thet nitrogen and phosphorus
- werg the most important nuizdénts for tepioca, under thelr experisental

conditions fox incroeasing the yield and shoot growthe

Abrahom (1956), based on the experirents condueted at the
Tapioces ﬁéswmh Stétion, ’L*Jzeiv:ﬁzﬁrm reported that the yield of the

cwop could be coneiderably reised by balanced NPE fertilimetion,

Chadha {1958), piving o stetisticnl interpratstion of the
resulfs of fertilizer experiments on tapivce in Kerale Siate; ohowed

that there wos a slgnificant interzetion of nitrogen ard potecsium
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- on mhe yielﬁ. Ehe nean response o nitrﬁg@n va:cied from 20 to

50 per cent ﬁa.L 40 1b. nitrogen per acre am “xem 23 o 79 per cent
fo:: 80 1b. nit“ogm per £20Te. The mesn response to phosphorus varied |

frcm 4 to 12 per «..en*‘s, fcw .ﬁQ ibe and fm 3 o 25 per caen® for 80 lb.

) _phosphorm aelé pcre acre, :

Jnosh &nd Terkull (4960)5 quoting Fijholt (1935), reported

the num::.ent remml of i:apwca at Buitenzu:cg as followss

‘ﬁi?‘szragen o 124 kg. per hectars
'Ez‘ws_p}xorilé acid . 104 -
Potash . - 584 o

Line . 217 e
' m;;nefaia o T .

"Potescheme’ ia 1961, based on & few experiments conducted

in Kevala State, vevorted that & crop yi-eld":‘.ng 20,000 1be of raw tuber

per acre re‘mavsd 54 1be nituogen, 45 1b. phosphoriec acid and 230 1b. )

potach per acres

iﬂanur:?.ngv-cumﬁsxﬁa'cing trials conducted for five years at
three different Tapioca Besearch Stations in Kersla revealed a steady

response to pitrogen and potagsium. The responsg'%e phosphorus was,

howevexr, gmtié ( Anonymous, 1963).

‘Pi11ai (1967) chowad that the respomse of tepioca
(ir&riat;% M-4) %o n:ié::cagen, phosphorus and calcium under the

agro~climabic conditions of Velleysni, wes highly significant.
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The _afi‘ee‘b of potassium was also significant. However, nitrogen

end phosphorus ¢id not influence the leaf number and height of plands.

Infivence of nitrogen and phosphorus on the quality of iubars

1. Ixy mabter content

Investigations at the Taploce Rescarch Staticn, Trivendrumn,
indicated thet in varieties with high aterch content, the noisture
ecntent wos ecopapatively low, ronging from 510 0 73.0 por cent

(Anonymoua, 1 955}«

Pillei (1967) veporicd that the meiriente nitwogen, phosphorug,
potassiun and celelum individunlly, aend nitwogen and potesciug in
combination, incrensed the perceniage dry matter éemi;eﬁt of tapioca

tuborse

Sheard and Jolmgon (1953) found that the dry motter conbens
of katahdin potate weo sumetimes incrvezsed by phoophotes, consistently

doopcased by potessiun and slightly deereased by nitrogen.

~

Harrap (1960) observed that high nitrogen »nse in
combipation with normel retes of phosphiovus and potessiunm tonded fo
deorease the dry paticr content of potote tubers, es ovidoneod ‘i}gla

tagte panale

2. BEdible poriion of tubers

Work conducted at the Taploca Reseerch SSatien, Trivandrum,

revealed that the percontage of rind varied from 10 %o 22 depending
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on the variety, pavied of grovth and the nutviont supply
" {nonymous, 1955).

pilist (1967) found that the percentage edible poztlon of
fubors &émgaﬂ with ineresced doses of ni%mgan‘ The individual
effest of phosphorus was not significant though it tended to inoreage
 tho percentage Of edible povtioms

e Stopch conbent _
Malavolta gt al. (1955) *szmm theix a@germm en t}giaca
in oond cultures, observed a deoresse in otapch content of 52 t% 25

pay cent whem p?m@hma wag not mypnaﬁ along with niérogen and
‘ ‘mﬁmé.m. -

Rasntwah in K@mze. showed that the aypz.im%im of ait‘-%:ag@z
o —— sulphate decrensed the starch content of tapices tubara,
while Esiﬁhm- é@se;s ai‘ p@‘aaﬂgim mcﬂueaﬁ 8 aignificant incweonso in
starch (énﬂmma; 1957)s.

Pillai (1967) ohas;weﬁ that nitregen, phaay’%&mm and
p@masima had ﬂi@:iﬁeemﬂg ewﬁrim%ea Wwards on ingroase in ﬁm
m..mm%gs of otapch in the mbm of mmgasx. '

I

e Exufie_protein cm%anﬁ' '
Subbich Hudalias {1951)! Magoon and Am (‘i%é)ﬁ W»taa
m& the omude m:m eonteont of tapiocs generclly ronged fvon 1.2@ to
1475 por cent though verioties having upto m,@ par cond Mﬁ: hoon

rocordeds _



Nalavolta ef al. (1955) zeportod thet high levels of mitrogen
xﬁsil.@ aéemasmg %hq stopeh eontent, inereaped t%m m%ﬁn'mmmw :

Tnvostigntions ot the Tapiocs Reesroh Station, Trivendzin,
vovoaled that application of nitrogen o anmonius eulghats increased
the nitrogen em%erﬁ of tubers with potasciun shoving & nogative
influance {(snonymous, 1960). | |

PAIas (1967) woported that incremental doses of nitrogon
and phoophorue aiMmtly immése& the pagge%ntage er crude protein
in taploca tubera, the ai’f_ebﬁ__beﬁng £ors mmeeé fn the cuee éf'
ai " ! " - .

' Dean (1957) optimeted the hydwocyanic aeid @mm& of
14 vapletiea of tapiocs in Hewail end found that it varied from
40 %o 65 mge per kge of fresh tubers,

Joachin end Pandittosckere (1944), in thetr dnvesbigation
- on the hydrooyanic aeid content of cassava, roported thet it vavied
from tubar o tuber in the semo Glunp and within a tuber Ltsolf.

Bolbuis (1994), investignting the toicity of taplocs ¥oots
' in Nethorlands, could mot establish any éelaﬁiﬁmaip "?&em esoil
nityogen end the degree of toxieitys ‘ '
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Pepoire gt al. (1960), after estimating the hydrocyanie acid
in a mwbor of teplocs varietics in Braszil, found that the bltter
varietics oombained %hreo tines more of the toxic prineiple than the

aweet variatien.

Sinha und Hair (1967), frem a study of 33 varieties of
tapicea, concluded thet the hyﬁi-ocyanic aeid content varied from
34 %o 490 nge por kge of frosh tubere ‘I‘E%a hydroeyanic ac;'ié eontend
 betwoen -‘?:uba:;:za of the am plant mﬁ botween difforent pavrts of ihe

pame tubor was not oignificant,

!

Boyd gt ale (1932) veported that when the moill phosphorus
woes oo low and the nitrogen adequate, compounds that hydrolysed to

form ¢yenide scoumilated in eyanogenctic planta,

Patel end Wiright (1958) found in the case of sweel suden
grass that the levels of hydrocyenic acid were positively associated
with the levels of aitrogen and negatively assccilated with the levels

of phoaphoruns
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| MATERIALS AND METHODS

The pronent inveatigation was undertaken to cvolve &
sultable diagnostic tachnique 0 sscertain the mtatus of nitrogen
and phosphome in {wo varleties of tap:mca - M) avid H—?bs = by
foliax analyeis. The ragponse of the iwo va*‘iﬂ:ies to greded doses
of pitrogen end phosphorus in relation to yisld 2 .m guality of tbera
was also a par% of the study. The exporiment ,waéx conducted um?er.
field conditions using three ‘ievels each of nitrogen and phoaphorus
in fagtoriel combinationn, keeping the doses for potassium end
oalcium at an adoguets ond constant level bnged on the provious

findings from this Institute (Piliat, 1967).

T, Bepevirental ‘eite

Flenting wag. done in itho Eypioal red Ai&’%*ﬁ&i'ée joam soil

" of the Centrel Tarm attached to the Agricultuwsl Collace and Research
imm‘ waie, Vollayanil, The wesulés of the chemical ‘*'iar"is cf the

| soil seuples collected mm:@he o¥xperimental plot and saslyased by

the methods given by Jeckaor {1958), ave furnished im Tedle I,

If. Eﬁ};f’z&'ﬂﬂ ,
Tho exop was geown frém June 1967 %o March 1968, The

metavculogleal data for the pericd ave given in Appendiz I.

~

IIX, Sohts for danbing

The two verieties chopen for the investigation were

Malayaned {(M~i} and Hybrid-105 (H-108)s M~4 i on oxotic variety
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TABLE X

Chemical choractoristice of the soil-

Total mutrients (per cend) Avaiiamé mitrients { pex cent)

e T (hos/  casoon -
@) (pae ccnt) r 'Pzﬁs EQ0 €0 Mg RO, 20¢ ED
I 6460 0.20 0;555 0@33 6..11.2 0.081 “ 0.115 0.091 7489 ﬂ.@iﬁ 0.0026
II 5.80 a;oo ,.13.321 0,045 ~ 0.924 0.064 0-313 0.125 1678 0e0014 0.0016
0317 0.054 0,;1?& 0,685 0.114 0154 10.'.?4/ 9;6950

IIT 5.90 0.00
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inﬁmﬁnced from ﬁalﬁya, and is famoun for iis polaiable tubm:s-
H=106 i85 & hybmd avalved at the 'i’apioea Research Station,
Tetvantiuz end is well kiown for ite high yields

o ’a!atm stems, harvosted snd preserved i;n shade for
' abaut & month zmﬁ a ha,lf‘. were used as ‘Lha plezntwp matarﬁ,al.
- Dutiings. uf léng%h B o $ ivches were token from the widdle portion

of the stems haviz’zg rore or less uniform girth. P

" IVs Fe rtilizers

mtrogen, phcap‘mvus, potags*um and calamm wera applied
in fﬁm wm ai‘ amenium sum?mte (2045% 1), super phoaphate
(18400 P 05),« po: w;sium sulp’a&t’@ (50.0}3 K,0) end fuliy burnt line
{58.8% C’aﬂ) mspeeﬁivaly.

ggg_»-cu'&
E&:peri.mental c"ingmt Split-ploy in By

Sﬁa;;o:: matn"mtm - Nine {combinationa of nitrogen
| o and phosphorus; esck at thwee
_ ' levels)
S mmg Re¥o Ba¥o

S nm o oam ny

- ;  | ; HoPs Py PPy
. fﬁlim i;eeaf:manim- ‘w0 vaaeié*sies |

C ¥y - Melayaneg (Mes)

V, = Hybrid-105/44 (H-105)
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Heplicotions ‘ Theee

Groos plot sizes 45 me 2 445 m,
Het plot size: 566 Me X 306 be
Spaecing: B 90 ome 2 %0 @@

Number of planis 4
. “i 3 4 ﬁ‘« 3
§ Taenty fivo

per subplob:

Jotal nunber of

s

n, = Zoro lovol of H,

n, = 5 !ﬁé’;’. W per hootare.

g

150 kge ¥ per heoitare.

&
B

Zern .1@%:1 &g ?Eﬁge
50 ko ?295 per hectave.

PR
|

2 100 kg 19?05 per hecbays.
The levels of maiﬁ@mﬁ. mubrients veve fiwed keoping in
view the vesulbs of a previous memuriel trial conducted in this
Institule (Fillai, 1967)s The lovols of potassium {250 kg. £,0/ba )
end ealoium (1200 kge Cal/ha.) wore kept constant for all trmeatments.
The two variotics M=q4 and U-105 were selacted 0 atudy
the vardetal differences; in the paitbern of muiriont upiske and other

rolated aspeobs.
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VI. Fiold culture
1. Preparation of the field
The exporimentel area was dug thrico and the entire avea
wag divided into three blocks. Plots of oige 45 me X 405 me were
laid out, separated by btunds of sbout 20 cme in height and of about
the asme ‘ii&%h. The plets were once aga’irf dugz and levoliods Nounds
of ehout 45 o 1}; height were taken in lines 90 om. epset on elthey

Wile

2« Fortilizer application
&’he_en%ire dose of lime was applied uniformly &s & basal
dose on 22nd Jm 1967 and wes incoxporated into the soll by digging.

Superphosphate, aa per itreatmonts, was opplied broadcagt
" conplotely & a basal dovo on 28th June 1967, just befora the

femtﬁon of mom&m
. . ‘
Aaconiun culphede ond potassium sulphatc were applied

entlrely as top dressings in two equal split doses, She £ived on
22nd Septembor 1967 and the second on 13th Noveuber 1967, The
fertilizers weroe applied in shallow channels fomeﬁ around the bage
of the plunt and covered well with soile

Ze Flantigg
Planting was done on 28th June 1967.  The cuitings were
planted vertloally on the contze of the mounds at tho rate of cne

cutiing for sach mound.



4. After cultivation

When thé ’enf;tings sprouted, '-sprouﬁ'é in excess of two per sett
weré rémoved retaining the healthy ones. m weedings and two earthing

ups were done at an’ interval of about two months since planting.

' 5. Hervest .
Harvest was done on 17th March 1968, when the, crop showed

signs of maturity such as reduced number and size of leaves and cracking

up of mounds around the base of the plants., Necessary observations were

recorded and the samples of tubers were collected for chemical analysis..

t

VII. Observations recorded -

Three plents standing diagonally in every net plot formed the
samples for the stﬁdy,:fgf biometric‘ehazracters during the growth phase

of the crop. The varieus observations taken are 1isted below.

A Pre-harvest i observations

1. Sprouting of the cuttings

2., Number of - leaves per plant = recorded at intervals of about
. two monthe

3. Height of plants - recorded at intervals of about two months

B. Observations on the plants uprooted for chemical analﬁia

Number of leaves
2. Total length of the stem
3+ Fresh weight of aerial part

4. Number and weight of tubers
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Co: Postoharvent obsorvations

1o Bumbow. of tubers from the oboervation plents

2+ Weight of tubers fivm the observation piax{fsa
Be %ight of the aerial parts of the abaewation p}.mts
4e Embar and was,gm: of tubers from the mzs’b plot-

VIIl. Chemionl afmm
1s Sanpling techni%e and atandardisation of the 'wefiect! or

reference Eg?.*

' it was nocensnry 'a;t tho beglnning of this investigation
| to Jdeternine the plant part which would be mest suitable for a |
dlagnoatic analysis (éefeme& t ns 'reflect' or 'refezence port ')
for nitrogen anﬁ phosphorus status of the plant, It was also
agaensial o aasar*&ain the begt mriod of ganpling the f{;lants i‘ﬂ?
‘Buch a dlagnostie purpuse and to satiafy this, ssmpling wac dons
st diffevent eteges of plant growih. |

Thus, one vepresentative plant from the firet immer xow

_ of each plot was ﬁmwted. This was done thrice, the intexval
fmtwaen subgequent samplings boing about two mxztha {Pirat mplina
en 62:1& day, second on 135th day and the third on 2034 day, after
'p}.&nting). Sanples on 81l Ocossions were collected bobyeen B &em.
and 12 moons. Immedintely after uprooting, the observations already
. listed, were recoxdeds The totnl mmber of leaves im cach b&-tmoh of

& plent was counted separabtely, leaving tho loaves of the developing
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bud and the other incomplotely opened loeves. The totsl leoves on
the stom wero then divided into three -soations, the upper one%hiﬂ.
the middis one thied and the lowor em‘ third, ecuach seolion belng
rooved and labellod deparately. The leaf ilaninse wors then detached
from the petioles of each ceobion and labelleds The lawince ond the
potioles wero wiped with & damp cluth to é@:nove eny adhering dust
p@ﬂi@léﬂ. The es?;'amas thue obirined, were dried im an air oven ]
at 70% for about 42 houvs, %‘.‘he. dried leaf bludes were powdered in
a waring blender anﬂ ptored in air-tight bottlos for chemical anmlysigd

i

The dried poticles ware stored as such in labolled botiles, after :

olicing off the bobttom and Zop ende ¢ & length of about a cenbimetor.
Thus o total of zix sepples were obladned fuom the these norphological

positiony of each plant uprosted from every plot.

o ptenddxdise the veflect for nitméen aﬁd phoaphorus,
the petioles enfl leal Bladay collocted duping the aaaené mmpzing'
{i.5. 136tk day since plm)’tiﬂg and gpplicstion of supsrphosphats end
40th day, since the application of exnmonium sulphate) wers used.
Farthepr, namples m oue replication and from the variedy Med. were
slene uéed %o axrive at the relect {27 camples of leof blados and
a7 oawmpises of p@@ié’l@@% The best reflect was chosen by stuiving i;%xe
comrelaésidn hetwoan fhs nuirient contonis in the diffovent fissues
and theiw zespeobive dosen applied to scile The part thus selseted
for Med wno tosied for itsc sulsability %o H~105 through corralation

pitudlicg.
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| By ﬂw ﬁime the piddie poti mes had been stendaxdized
-'f:a be r@fefancea part for nitrogen ond p}zospham_ﬂ, the e‘wiae of
thc mi’lseﬁ foy Emmsmlmn end ealoium coinelded with the mame pars
(Pushipadas, 1968)s C)nca #he reflect was finaliced in this RANNST,
that part alone ioe. paticlen £rom the niddle thixd of eatm rland
wao analysed for the determinstion of niﬁm ©an, phcsg%z@wa, pmwsazum,
~caleiun and magnesium in *the aouples chilecied duxring the thrae

ogeasiona (162 samples in total).

2. Minoral analysis of plant comples

The requislie camples were analysed for their nitrogen,

mmm:ﬁwma, xwoam sium, calelun and megnesium contentm

Nitrogen and phosphoyus were es.;timted in_ g %mma of
about 0wl ge Of the dry powdered leal. In he cose of poticles 0.1 g.
of the gample was conotifuted by srall zlices taken from ‘ism maéla
pwr%im of every potiols of & morphological mup. Tha two mateients
wez:'é &a%mineﬂ by standard eolorivetric methods after éé.g;asﬁéén of
the materiel by & micro-Xjoldahl-Gunning methed os &é@mea by -

Poidevin amd Pobinﬁ@n {1964), for foliax ﬁiagxms‘vs of mgﬂr@ane.

Potaopium, czleium and megnesium werd detem: imﬂ in a
outsable aiiquot of the triple acid extroct obtained by folloving
the procedure given by Jackson {4 95&3), Potassiun was egiimated by
the turbidimetric mebhod deteiled by Lindnen (1944). Calociun and
negnesium were determined by the versenate nothed s deseribed by

Euang In Cheng and Bray (1951) and alse Ey Welcher (1?55).



4
s

 Ba Dy mabtor content of fubers’ |
A imown weight of the fresh tubers from each treatment,
chippod into scall pleccs, were drled to eonstent wolght in en
alp~ovan at 105°C. The weigiﬁ‘af' the dey watter obisined was
am?mw ao parcentage of the fresh weights

de

- A randen senple of ebout 1000 ge of frosh tubows wos
Salien ane‘z‘ ﬁeﬁéhsa a@mmtalzir.v Tho t;sham wem_"&héfa pocled &uﬁ the
weight of tha xiod was takens  From this, the Iiaéima mm wes
vem@easa& an mmamage of éhe i‘mzm weigm of tuborss

Be S%am’fz gontent ai“%wm
i%amh @@nﬁem of the wem-ﬁriaﬁ gamples of ﬁa‘bm %aken

- fron iﬁﬁi@iﬁa&l gmﬁs, wag eﬁ%ﬁm@a& by the A.G.s&.@‘ {1956) m@%ﬁ&é
amsseé aa mmeuta@ of the dry matior

6‘ Crude mﬁs&g e&ntauﬁ of tubers
The total nitzogen cantmﬁ of the wen-érie& gznples fm
in&iviﬁzml slote wes asm'ted by the Kjeldahl maﬁmﬁ given by '
%per (1946). The percentoge of nitrogen mmmm by the factor
6.25 was token as the gmanﬁage of cmude protein. '

The }wﬂmmm acid content of the tubers Mleﬁ fs:ess
cach plot, was determined by the Pollowing method smmmw by
- ginhe and ¥aiv (1968).
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25 to 50 g. af‘ frash tuber,waa macerated woll in & waving
blender end accurately 5;@3@;1@.& into & 500 mi. Erlormeyor flack
oontaining sbout 250 mli. of top wekore e&xﬁ@n ﬂim&a—fme aiv m
then bubbled “'hmugz %‘he; flask for 12 hmma and tm %ﬁmamic a&iﬂ )
liboxated was casught in (150 nl. of 245 yex gent sodivy hydroxide

solution.

Aftar 12 hours, abowt § ul, ‘of 5 par cont potassium iodide

T golution was added to the i‘m canmming the sodiwm hydroxide. . The
gontents of %m flagk wers ti%m%aﬁ ag&insb n.ea B silver nitrate
solution fyom & m}mm%%f %‘he end point wao mayked ;by a white
turbidity, clear on & black background. The vesult wag sxpressed as

‘mi1ligran M hydrocyanic seid por kilogrom of fresh tubers

1 ol Of 0.02 i silver nitrate = 105 mg. of hydrocyenic
| acid,
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The varicus results cbteined in the investigation ave

presented belows S .

~ A. Stomdaxdisation of the refleet and its periodic enalveis for
- nufrients o '

Table II gives the eoxrelation botween the doges of ni‘i:rogan

applied in the soil end the perceniage origimsen in the lominae and

 poticles collested from different morphological pesitions of ths varioty

H-ge

Tho eem*alaiien caaffieients ware nam*&ive fue an sroups of

'. lamime a8 wall as for The lawr group of petialea. The uppar and the

middie group of p@’ciolea‘ge,ve & positive camalwian. éhe latier baizﬁg

 highly eignificsnt (2 = 0.84)e A siniler correlation worked ont for

whe mit’iﬁle, group of pé‘t_ioles 0}3‘ the variety H=105 was also positive
and highly aigniﬁeant {r = ﬁ.&é). ‘

e Table IIT ;}:tésents the car”e’ia%mn botween ‘the qnan*it;} of
ph’mphﬂ*‘ic acid amﬁied o the sml and i,tss parcantage in ﬁhe ﬂiff.’evaut
zao::*};mm&icm .gp:mpa ai' janines snd petiovles ai' ?.t-4.

. %he gamrle trend of cwrelacmn thiained vas poai%: e except

. for the uppex group of laninase. Bui; the ya‘éic)leq gave high values of

.cmelatieng par%iou}.arly the lower end ﬂm\ middle mupa. Btheen

i;hessa‘ two, the middle group gave & correletion significant at
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TABL& II

Sl

cbrrelatzon between nitrogen applled 1n the 5011 and that

. Present in the 1ea£ laminae and petloles £rom: different

| morpholegmcal positions for the variety H=4

T

b

Major ' .

i

treatment 5

f-Apereéntage?efsnftrcgen-(m)ron;dry<matter'basis»

ieaf 1aminae

Trevioien

X f Upper
'HN_E_greup .....

Middle Lower
group ' group

n@ﬁa&'
_grqup“

Widdle Lower
' group - growp

"o%o
%Py
TPy
™%o.
P
dp,
2P
ByDy
Ta¥2

5 1}56
1485
e
;~1.45

| j 25?0

- i 1;7&

1460
1.95
-1;50

110

190" 2.70
1465 150

166 1,65

2,00 ° §~95

1665“ ; 1-64
140 1.35

185  1.60

1,55 1460

1410

‘“o,ec

0:95

0§30

1.02

127

1410
1420

) 1400

0.60  0.60
0460  0.80
0.83  0.75
0:85 - 0490
0495 - - 0.45
0.87 0450
105 0.45
0485 6.50\
0.96 o‘ao-

Partial |

- correlation’
coefficient '

- 0434

L= 0.35 = 0.4

0.42

0684 =002

%% Significant at 1 pér cent level



Correlation Esx‘bwa@n phospherus applied in tho soil and that

frevent in the leaf laninae end potioles from different
wopphologleal positions for the variety N=d

Pémn'sage of @méphaﬁe acid (92@53 on
' Jzy mebtor basig o
Eajor , Leaf lamineo o Petiolen

, “ootnan Uppar Hiddlg Lower ' Upper 1iddle aner
| GEUUP  gIOUP  gEOUP  ETOUP  gEOup  gEowp
n,8, 0039 0ed5 020 0412 0413 0447
nPq 020 077 089 0.6 0u36  0u16
2P, | 0627  0ed5  0ul0 016 0,29 0,59
2,5, 077 0.59 0443 0418 013 - 0417
ny, 0:69 Oeds 6.69 | ta.-.és 0.25 0443
nw, 053 05T~ 0:53 0,28 0,28 0u32°
BBy 089 059 057 0498 0,7  0.25
By 0056 039 030 047 07 00
8,0 072 069 056 0,29 U Be32  0.43
Partial

corpsletion - 0.62 001 0,06 061 0,92 0,73
confficiond '

# Sigmificent zt 5 per sent lovel
- ¥ glemificant at 1 per cent level

1



1 per cont level (r - 9.92) :Ebnawing the came procedures uha
cozrelation ob?;ained for the middle group of 'petioles in H«105 was
foun& 10 be positive end highly si@i_t‘iwnt (r = 0.82)s

feble IV fmmishes the mean percentage of nitrogen in the
petiocles at i;hree differcnt stages of growihe The Bxxa}.yses ‘of variance

of the dsta ave given ag Am:enﬁices I, I1I and Iv,

- There was no si@ii’icemt differcnce in the nitrogen content
in petioles of plante under different major treatments at ths ﬁrst '
stage. Of the two vericties, M-4 contained sigﬁficantly higher

porcentage of nitrogen than H—?OS.

Puring the second stage; the nitrogen content of the petioles
in both the v&ria‘siés gag found té ineraasé signiﬂmtiy in &ceordance
with the increase in ‘ahe application of m.tmgan. For the sams lovel of
nitrogen apylieé to the s0il, the reflect showed & higher porcontage of
the nutrient in tho abgence of phasphoxms apgli@s%ion than in its
presences Enl:xke in the fizst stage, H—-ms was supemo:: o N4 in :.ts

nitrogen con'i.ent. -7

] At the third stege the results followed the szme pattem as
in the second ssmplingg; with the difference that the variation in
nitzogen content botween the verieties was not stgnificant, Purther,
voth the varie*ies under different treaments had o lower nimgen in

the pevioles compared o thet in the seconﬁ stage

e
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TARLE IV
Noen aitrogen (¥) content in petioles es mamaga oft
érsr uabior
: i at_gampl y
 Major 62 a - 1 if 203 as
. troatment R ... I - K. .. B oy
o L Ney 105 Mot  Be105 . Med He105
XN 0,975 0,083 0,567 OM617 0,183 0,263
Dy 0.955 . 0.993  0.617 0650 = 04253 0.213
1,9, 0.983 0,957  0.740 04733 0a337 0317
- 9&95?’ 0e047 06641 0.666 04258 04271
1,9, 0,957 0.883 0,867 0.927 0u407 Oud23
n,, 14047 0017 0913 04930 04363 0433
nyPy 1,023 0,860 0,843 04893 0447 0u410
ny 1019 0,907  0.874 04916 01406 0ad2?
2,5 0,957 04880 14110 14100 0,917 0a860
TP, 0,977 04583 14030 1010 04517 0,583
n.p, - 14057 0,927 04953 14007 04557 04503
Veriotel mean 0499370928 0,853 0,874 0edd2 04453
Py *60973 04882 ‘ Qo@dg '6‘;881 " ﬂ:m 9&522
Py | 04992 0,984 04853 04603 04378 0,409
Py 1,014 04918 - 0858 0877 Oufd7 0es10
D (5%) betweens
1 varieties 0403 0402 -
Ze vaﬁgjiea under sane - 010 | 0.14
3 vamea ufder d1fferant 008 .11
- 0:02__ _..0.03

4s lovelo of Nor B -



‘%‘,’1’“.” ‘givén tho mean poreentege of phosphorio acid in the
patioles et tho thrae atages of growths Aupondices V, VI and VII give
 the analyses of variﬂma of the aa%.f_: - R ‘

m&ng t%w fivst mpling, the ye%iolﬁa ehc}m 8 aigaifissmt
' irxcm&ae in phasphema canmn% m%h She applieaﬁim m‘ .mmtal
ﬁmem of tha m‘ﬁz&ent to the ooile Bz_xﬁ %ha - d4ffevence botwesn the
 higher lovels of phosphorus was not eignificsnt ia olther variety,
m%a mﬁrﬁ.at&i ﬁiffa:éenee“ @as ;ia’ws -aﬁénificam. ' | |

‘ En the aecnné! ﬁ%a,ga. mm ﬂmee levels &i’ phﬁapm eiz‘mmﬁ
: signiﬁmmy in in:smasiug *:.hse ghﬁsz;homs cani'«entz ef getiaies‘ 43 in |
the fire stags, the varisvies did not Tocord any significent aiffesence
in thelr p&wag’aame cament. In comparison with the i‘izzst mpliﬁg,
the reﬁeaﬁ m maml mem:ﬁeﬁ 8 low phasghoms wmem, Wugmy "
h&viug an}.y ﬁxza thiz:ﬁ oﬁ, uha% :’dz had pmviam!y. |

@he samne . mna of sasmlts as in ‘she second etage wes cbsarved ‘»

n tha ﬁhw& stage mam ﬁmever, w& #his eﬁaga tho hi@w& lf.we}. af
'nﬁ.‘bmgen ui;mifieanﬂy m&uce& %ha ghaa@hama c@nmt of %m mﬁeot.
& fupther dvop in the percentags of the muirient fron that in“the second .
' gtage was weerﬁaﬂ. Phias the. mants ehumd a ateady deeresse in ' |
. phaapm content ih. theix p&a‘&iﬂee with a&vammg agos .

_ 'Eabla ‘VI mz:nisheﬁ the mean pmmtm of p@mh in tha '
mﬂeeﬁ a%; i:ha %hree aﬁagas Qf plant Wth. ?Eha an&mea @f‘ vamance '

— the eaaa are m:eseam in Ammms.eea mz, xx anﬁ b



TABLE V

Wean phogphorie celd (PQOS) econiont in potioles as porcentage of

dxy matier
. Aggvat_sa@;aling
Ua jox 62 @ 436 ¢ '
treatment aye ?§ égys 203% days
Mef B~105  Weh  He105 Meq  H-105

BBy 00538 078 04442 0.134 04050 0.046
n,D, 0877 06925 04195 00285 04081 04079
TPy 0.058 1,004  0.318  0Ge345 0128 0.119
N 0,789 0.902  0a219 0256 0,086 0.089
8190 G«4B6 0sT13 0,164 0166 04058 - 0,066
ﬁ,!?.! G.é?& 00999 0e281 04268 G 079 04104
n1p2 0.991 10179 D302 0257 Bo324 0,089
n, 0718 04964  0e242 De230 0,086 0,006
B8, 0,705 ©0.532  0.166 - 0.163 0.054. 0050
132191 0.922 . 35655 o234 (e245 0062 0,073
n,P, 0971 04830 D349 0,318 0.098 0,090
n, 0e866 04682 0247 04244 0,071 073
Yapietal mesn 0791 0849 00236 04243 0,081 0,079
Pﬂ 0.5?5 95674' @0156 09?5‘5 0,054 0,055
Py 0.826 00869 0230 0267 0,073 0.086
Dy 0972 . 14005 04322  0.307 0.116 04097

¢y {54) boltweons .
2e vag;ej)gies undex different® 0e29 8,07 0,03
3. lewgls of Hop P D417 0403 0.01
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TABLE VX
Moan potash (KZO) content in petioles as percentoge of
‘ dry matber
Ago &t sempling 7
' Moy  H-105  ¥-s _ H-105 M4 H=103
TPy 177 1420 24T 3653  14T2 2442
TPy .63 1453 1498 2433 1445 1498
B 1058 1049 1098 2a61 1437 .94
n,pg 1090 2413 2,75 247 230 247
.3, 187 1647 16TT  2:98 1467 2465
ﬁ‘z’z 2203 2.50 1075 207 T045 1067
n, 1,93 2403 208 2a41  1e80 2476
4 212@0 2e75 2487 2,062 3,28 1;75' 2211
%@1 1’6? .87 2852 3402 . 175 245
!32392 1.T72 %08 228 2,95 1467 2647
!32 2:04 2461 30.57 3:03 1672 2,68
Vewtetsl meen 1485 2408 2421 2,70 1463 2426
Py 2,14 2407 261 299 1492 2457
131 172 1052 2019 2478 102 2936
92 C 4469 244 T 183 2433 1035 1,85
&b (57 batwosns ‘
9o variotiss ' - 0e33 0e20
2, varietios undey gome mRjor - 097 0489
3s varieties under differcnt - -
mEioT 1.75 057
4o lavols of N or P - 0e42 0+34




A% the Tirst eampling, noither the mejor treatnonts nor
the varieties ohowsd any oignificant differenco betwsen them with
vegardl to the potaseiun consent of- tho xeflost.

During the oocond stago, botween the serd end the highest
levels of nitrogen, tﬁ@e wes significant difference in that the lotier
inareased the potossium percontage in the pebtioles. Az to the influence
ai’. phosphorus, its ﬁncxwing levels progressively deercassd the
potagsium contont in Med, though the diffevence ’bamexa tho higher
levels wao not eignificant. In H<105 the above effest of phosphorus was
significant only between its hzg%ew 1ovelss =105 wae supopior o Mef
in potassium contonte

At the finnl stage also nitrogen had o yvonounced offect in
increasing the potsssium content of the petioles. But in Nel, the
gher levols of nitrogen and in B-105, the lower levels of nitrogen

d1d not show any eignifieant difforance botwoen thoms The negative
ixﬁl&ame of phopphoyus on the '@%aaaium content of A%%ie refloch, 08
noticed sarlicry still azé‘miaﬁeap The varietel difference noticed in
the second éﬁaga was obperved in the £insl stage 2180,

Dable VII prosents the mean povcentage of iime in the
potiolca eoiZwﬁeé et the three ﬂf%égaa of growihe Aﬁypenﬁie:aa Xz, ZII
and XITY give the analyees of verdance.
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_ TABLE VI

Hean 1ime (C20) centont in potioles as percentsge of

dry mattar
» Aga et sampling
Yajor . ' 62 days 136 daye 203 '651313
twentnent - Bej H-105 = Med H-105  Ma4 E-105
NPy | 2435 2412 1460 158 177 173
!30131 2443 3415 1036 166@ 187 2403
216132 . 260 2463 146 1458 9465 1.83
ﬁ(} 2446 2463 1.47 1.:59 176 1.86
1,1, 239 2,79 177 162 173 1463
nyp, o : 2,96 2462 199 1475 $.63 2,10
1'31132 501? 2485 1 -67 % 06? 173 1 !?G
n, 2,88 2476 181 1.68 1476 1484
!‘22130 3«:66 Bedd . 1.78 1 + S0 180 4470
' ﬂeﬂi : 2:8% - 5.01 1 lé4 1 a@@ 1 053 1&33
3221) » 2,81 2,26 1.94 1.8C 17T 1.53
n, - | 540 2.9 1,79 185 1473 1472
Variatal meoan _ 2480 . Eo?é k] 059 171 1 075\ 1 079
?0 ) . 2,80 2.78 1972 ?0?@ 1077 1:59
?1 " 2674 2093 _ 1.66 1.70 1478 201
132 2486 2.53 3 0‘59 1 «68 ‘3!72 1 069
OD (5%) betweant |
1. vagiggiea under stme 0075 - -

2. variotics under Aifferent 0.?9'
pajop _ :
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Tho d4fferent trootments did not chow any eignificent
veriation betwesn then in their influcnce on the caleium content of
the veflact at any of tho grosth otages. One general obaexvation wes
that tho plants had the highes? @élclinm in %ﬁsiz petioles at the
hoginning followed by a decrssse in‘ the pacond atage and then an
incyesse in the final x;_amge of groethe

Tablo VIIX mmariéas the datn on the msan pereentage of
mognesia in the wefleet ot the theee stages of growthe The &nalyses of
‘yapiance of the deta ave given in Appendices m,' XV ond XVI.

. 9he mejor treatments had no gonsiotont or sigzxiﬁmm% effoct
on the mesiw oontont 02\ the potioles ot any of the thres stages of
geowth, The variotal aiffecenco was significant ot the fivat and second
stagas of growih, H-105 being euperiofs Nagnostum content in the refleot
folliowed alnoat the some m‘&m Bo calgium at the different stoges of

th

Be

Zrowth indices and »'
She vardety H=105 showed earlincss in sprouting snd larger
mamber of sprouts per satt thon Med. When Med hed taken 15 daye for
100 per cent sprouting, H-105 tock cnly 9 days.
Tawle IX furniches the geen number of leaves at the ihree
‘ ata@*és of growthe A@panﬁim XYL, RVIIX aucl ax giée the snnlysos of

voriance of tho 4ais.



Mean magnesie (Mgd) content in potiolas as
~ pevcentage of dry mstier

TANLE VIFY

Lo

‘‘‘‘‘‘‘‘‘

4

¥ajor

Age at mgling

62 days . 1% days mg days

mma . Med He105 K=4 H-105 Me4  He105
N8y 826 543 01 093 030 091
R 3420 2,93 080 083  1.05. 1410
NyPy 3418 376 0,80 0488  0.87 . %403
g 3424 5.37 077 0485 © 0,95 1401
CRR 2.5 3481  0.56 0.59  1403. 1s03
B4y 3611 3448 0u71  OT0  0:93. 0,80
14Dy 2427 2478 063 1411 0.77. 0.83
n 2464 3036 0463  0:80 0491 0487
"% 2,22 2,52  Ould 055 07 103
3391 » 2464 2472 9&?5 0.81 1.00. 0,9
Py 2436 3443 056 05T 0493 1.00
‘B, 2,41 2489 0459 0e68 0,90 0498
V&ﬁ@@ motn 276 3.21 9(056 CeTT 9191‘: ﬁagg
o 2460 3426 057 069 0.0 098
p.' %01 3,04 9-76 ﬁo?& D98 Ds93
Pa 2460 %52 0e66. - 085  0.86 0,95

eD (5%) vetwesns S g

wardevien 0427 0409 -




TADLE IX

el

41

variotica

41

To41

Nean rumber of lonves per plent ot three etegos
of growth
‘ | _4ga ot obsamﬁan
trggdﬁggm : 62 gayn 136 ﬁags | : éaﬁﬁjage .
- > ¥-4  H-105 ¥-4 H-105 Me§ H~105
Byt 0.3 30 48T 49T 590 4740
%9% . 250 44.3 | 453 5243 57«3 5840
ﬁ'@?g 28,0 430»5 4440 6040 55.@ 64-3
1y 27 422 460 580 STt 564
1By 283 - 530 6047 TR 76T 5Ta3
Dby 2647 4743 6640 6740  BET 6440
"By 253 4740 4540 6640 4343 6943
n, 24 491 60,2 689 689 6345
B8y 213 487 SN0 0T 52T T80
nD, T 415 T23 6T 790 667
BBy 2947 413 6200 6843 T30 6740
n, 2946  45.8 61,8 689 G842 7046
Vaxdoetal mean 278 4507 5640 = 639 6448 6345
| 5’94 | 35-§ 4649 6605 64T €28 60.8
278 4443 6142 62,3 T4e3 6249
Py 2740 4549 50,5 648 STed 66,8
D (5%) vetwean:




Yone of the major treatments was significant in influencing
the lsaf mumber of plents. »'Kemﬁhe}.eas. the resulis showed & paaitiﬁa
tvend for incremental doses of nitrogen. H-105 was superior to ¥e4 at
the firat two obaerv‘étiona.

Teble X shows the mean Vh@ig!;t of plants at tho three stages
. of growth, Th?a’ anslyces of variance are gim sa Appoendices XY, XXI
and XXX,

The effect of the variocus major WMmt'mbinafima on
plant height was not significant. But the general trond showed an
ineresse in height of plants with higher lovels of nitrogen and
phosphomus. Doping the flrst and $he last observeiions, H-105 showed

superiority over He=d.

fable XI givos the date on meen yleld, musber of tubera and
frech woight of shoot of the two variaetiess Tho respoctive analyses of
vorience are given &g Appendices XXITII, XXIV end XXV,

46 o evident from the table, the affect of different levels
of nitrogen and phosphorus was highly significent and positive in relation
to the yield of tubexs. The gombined effect of nitrogen and phosphorus
wAB &1@9 found to bo eignificant. Uf the diﬁ‘feﬁent tractment
| ccmbinetions n,p, reccrded the meximm yield, followed by n,9, in both
the verletiens The highest llevel M niﬁ*agen with gero lovel of - |
phogphoxus (nzpo) and the highest level of pﬁmsphomshvith zar;h ievel of
nitmgen (nopa)k ghowed nq slgnificant difference betwaen them :ifn either

variety.



Mean height of plents in cme ot thrae steges of growth

TABLE X

Age at obgervation

G

Nejor 62 doye 136 days 203 daye
treataent . ~ e '

: ¥4  H-105 ¥ef  Heq05  Med  Eei05
LX 280 5143 TIeT 890 120, 113.0.
o™y 527 330 853 943 130T 1387
ByPy 537 357 95¢7  113.0 14203 183.0
Ty 315 3247 B6e2 98,8 1338 14449
N, 3347 44T 128.7 1335 17740 1360
n1§.' 3200 4043 1297 12840 1750? 193%.7 -
ﬂ.‘l?g 24.3 - 34.7 1113 1:2003 166.3 180,7
B, 30,0 38,9 12046 127.2 1730 19041
nﬁﬂo 297 24T 1180 1957 182»7 19103
323?1 29.7 3.0 1140 115.0 1727 19503
RoPo 3140 38.0 129.3 13040 20407 215.3
fy 304 3446 12044 120,2 18647 200.6
Voriedol mosm  30.5  35e4 10941 195.4  164e4 17845
P 305 . 3549 108.4 192.7 1602 16647
Py 3164 3408 1070 11244 16240 17549
Py 29,7 3545 11241 121 1711 193:0

eD (52) betwsons
- varicties 228 7362




TADLE X

Maan values fa: ylold and number of tubsra and fresh
' weight of shoot

Yiold in tomne Ko. of tubers ghoot 4in tonnos pox

por hectars pey pland haetaxe

| ¥-4 H-105 ¥4  H-105 Wef  Be105
by 7.8 8.7 3,70 6430 645 Te2
R 10,0 945 470 6440 645 1044
ﬂgpg 1609 7708> . 6.10 607@ 117 18.9
By M6 120 483 6u47  Be2  12:2
7., 1068 1101 6o80  8e40  10.4 1443
fyPy : 24.0 2660 BeTO 8.0  24.7 338
n..pa 20e% 2241 5060 8020 1809 b 2%:4
n, © 1848 19.7 637 8450 18,0  23.8
D,y 1703 195 600 6430 - 130 2640
B,Py 215 2147 6430 9420 1868 254
B, 22,5 241 607 843 195 2947
vagignml 175 1846 . ) 5075 T80 - 152 21,9
I)O 129 1349 5450 A T«C0 9,9 ) 1508
Py 1865 191 = 5490 84917 1647 2302
532 : 2240 23:5 ' ‘5‘5!7 8123 190’ 26.7

€D (5%) betwaent

’8-‘ ?éwie‘_ﬁiaa G5 044 ' . 2«51

B o o T 1496 134 7453

different major ,
Qs lovels of ¥ ox P 3,13 097 27T




H=-105 chowed definite superiority in yleld over Med.

48 far sp the number of fubers is ev'ncemeﬁ; only the effect
of nitrogen o significant. An increase of nitrogen from iy o 1,
onhanced the number of tubers significantly. But & further increase
of mitrogen to thoe highest level had & olight depressing offect on
the number of tubere per plsmf:-. Yot %he highest level of mitrogen @a
supexior o the zero level. The variefsl difference was significant and

H=105 wes superior #o E;i-é.

" The results for the mean weight of shoot, in gemeral, followed
the seme trend as that for the yield of tubera, eoxcept that the -higher'
iovols of nitrogen showed no significant difforence in M4, Aumong the
troatnent c'ﬂmbinatia}ns, 32132 rocoxded the meximum shoot weight follewed

by n1p1. H=105 was superdor 40 Med in this characters

Ce Quality of bubers in relation %o the epplication of nutrients

Table XII prosonts the mean perceniege dry mabter and edible
portion of tubers. Appendices XXVI and XXVII give the analyses of

variancd.

An enbhanced n:?.mgen doge iézcrea@aﬁ tzaé dry wattor in tubers,
though this effect was not significent in ¥4 botween 'a:m nigher levels.
Fheephorus exerted o significent positive influence on thg dyy natior
content of tubcera. Thoe izzv‘s;ameﬁiﬁn between nlirogen gss»é‘ phopphorus 7‘%5
also aignificont. This showed ﬁha%:"cha effect of nitrogen was ﬂcminan_é
only in the presonce of phosphorus end vicesversa. Ned contoined a

s}i@iﬁeﬁfamy higher porcentage of dry matier than =105,



TABLE XIX

. Hean gmanﬁa-ge n£ ary m%%er anﬂ adibiae gtm:inn
eﬁ' tubars

Yele'

| Ik*y m’ké& es " Blible porticn as

pereantage of percenioge Of fvesh

Major o frach reigh'& T waignt
trosinont - : s -
) T a-w5 ™ g»ms

mPe . %2 e 6.5 8
by - C 8649 36,0 | 844 . 838
NPy 37«1 5648 | : 84@? 837
mo BT 360 849 639

ComEmy . 367 B8 820 6243

. Byhy . S 39 3.3 833 83,0
n,r, © 393 315 8% 833
n, - B4 38 o8 628
2,8, 33 366 818 607
ﬁzﬁg o ) 33-3 3701 . > 35‘9 . 3‘3(3 '
Bl | 399 3.9 830 8t
M  Bs e 629 80
Verletslmeen M9 36,7 835 6246
B C s 358 e ena
Py S 3B 368 - 838 826
% . 38 M 857 &

- ep(s8) M%weam : _
. 1s yarieties i . Qfﬂét . ‘ Db

2e vagigiw tmﬁexe SaME . g 49 $499 -
Fe vaziatlss undoy - 9‘55 ) | 0.29- '

diffarent najor | . - )
de imls of ¥ or P o 053 | C_)a’(? ’
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Increase of ni#rogen from zerc 1o the n, leg:el had 8
-eimificant depresgive effect on the percentage eaibla poprtion of tubers. :
A further incresse ai’ ni.wagen to the highost level !mﬁ no effect on 3-4,
 but had decreased %he adible porfion in 3-105.‘ P!msx;hem indiud&ally
did not show any daf;nita infiuvence, though :in cambiaaﬁim with nitrogen
tended o increase tho edible portion, Hes wes found to be supezior to
H-105 in this charagbers - - i}

| Table XI'I:AE‘ éi’ved the mean values fopr siarch, crude protein
and hydrocyanic aeid content of %_ubem. Appendices XXVIIT, XXIX snd XXX

give the r;aapeo*’:ive aualyaes of variance.

'i?xe a%amh aemt;ent showad a signifﬁcant incmaae uith an
inmme of nit:ogfen ﬁeﬁm the By . to the R lavelse The higheat éese of
~ nitwogan aimiﬁcantly eeerease& the starch eontent :ln b@t‘h vaxiaﬂee.
Howevor, the highest levol wus ﬁeﬁtw than the BOXC . lewelo The
influema of' phosp*xems was cansiderably highacxz than tmt of nitrogen
in inmﬁng the mﬂmtage of ptavch in tubers. ‘me Leeatment n1 2
. racordod t&ze mi.rw etarch pa:*eenh&ge n-ws was suparmr to M~4 in
this quality. el

The effeot of nitmgéz;;’ismepnémé and theia; :imeme%im'wéa |
found aigﬁi‘icenﬁ in ‘aug‘znentiné 'the percentage crude protein in tubers.
Fhosphoxus 0o had the same offect on ¥~4, bub in 'ﬂ'-‘!é'ﬁ 'cha incresse of |
crude protein beM the Wigher ievela 6fh'§§ospho::4u$ was not pignificarite
“!ze varie%ies did ne‘b ghow any si@iﬁcant aiffemnce botwoen them in ‘

this charactar.



TARLE XIIX

Henn valuce for otorch, crude protein and
hydizooyonic sold oimbon® of tubers

Popsentage on dzy mabber fydrooyenic 2oid in

| S .o oge Paw b fo of fresh
— __Stogch  _Grudo proteln __ "eionb
Bef B-105 Yef Hei05 Hd) He105
%P@ ' @g-fi TieT 1649 iﬁﬁg . A%sT P
Py CT248° T2a6 1448 1649 39,6 3042
WDy T6eT ' TTe5 1069 1,70 57Ted4 = 582
o 729 7309 1455 185 396 382
BBy A9 TET 195 198 482 4TS
0Py 8lad’ 8904 1474 198 | 385 403
1,0, 8265 0248 1491 1476 3966 870
n, 796  B0s3 1687 180 . 42,2 4249
NN ' T3e3  T2e4 1482 1489 . 48,9 8000
BBy 793 791 235 2.5 475 489
ﬁg@e B0s0 82.3 2419 2-‘?@ 405 7 4748
‘1, 75 779 2414 2607 4506 4802
Vapietal mesn O TET TTed 1485 1484 4244 4301
% 725 566 17T 177 46e3 4545
Py TtsT TTaT '?oﬁél 186 ‘ T 4248 0 4365
Po 728 B0.8 1493 1.88. 387 ' 403
oD (52) votweens \
1. wazietien . 068 - -
. 2 mzigg;en under sane 2,01 002 5030
Be varleting uwndery 509? 0419 595

Aifferont major : '
do lovelp of Hop P 1456 ( 006 . 2402
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Regaprding the ihy@maymxic acld content of tubers, the ‘influcnee
of ni%mgam and phosphorus wes significand, the foymer g:emmivﬂyl and
the latter nogativelys The mg{mg lovels of nitwogen imescoged the
- hydrosyenie acid content, where 2s the highey lavels of phogphorue
docrensed it significantly. Thus the interaction botwesn nitrogen and
phogphope s highly ai@ifieaﬁ%. rfﬁa@ maxinun hydrogymnio acld condons
wae pedorded in the %zmm@m B0, in both the varietiens The vavieties

id not differ significently in this quality.



DISCUSSION



JIsgpssiox

The present investigation elucidetes the pocoibility of
using the middle group of petioles in ‘taplocs (Vars Me4 and H-105)
ag & miteble roficet for e diognoatic analysia for mitrogen sud}
phoaplorugs The sﬁiﬂy aleo brings cut the 1uf1nnn¢é of graded doses
of nitrogen and phoophorus and theix interaction on the pattern of
uptake of mitzients, yield conponents, yleld and qality of tubera.

I% can bte gosn from the rosulte (Tebles II and III) that
the laminze ahow aither a negoiive or a low positive correlation
betwosn thoir percentege content of nltrogen and phosphorua and the
levels of these nutrients added to the soil. The renson for thig
inverse oy poor mélatian'appeara {0 be dué %o the effect of
. nitrogen in csusing a repid elsboration of leaf‘ blodes and a resultant
dilution of mutriente in the;m. Simu&w results were obiained by
Prevot and Ollagnier (1954) in poarmts

A posttive corvelation 4o obteined between the percentage
of n:!.taaé.gm and phosphorus in the poetieles oxd the dépas of theme
rutrients applied %o the ooils. The dilution offect manifested in the
leaf Blades 1s n@&“evmenﬁ in the petioles, probably be&ngdwnﬂueﬁing
tinsues. The higher levels of mutrients in the eubstrate leading to
the oboarved highor concentration in the patiole corroborates the



vesulte obtnined by Bmmert (1952) in tometo end lettuce, Wirien
{1942) in grapss, amm(ie@zs) in sugar beet and Joham {1951) in

cotion.

Nevertheleas, a highly si@ificant and poaitive correlation
is odinined eni;y between the nitrogen amd phoaphéms of the middle
group of 'peficles ané the doses of the respective nubrients added to
the guils The nuirient cant:ez;%' in the upper and lower group of
patiole give enly & poor eemlafiena The gmm tzanglocation of
:mtriema from the lower leaves approaching senesésnce a2 well as a
srezter appropriation of nuwients by ths sctively gzwing'upgar part
of the plant mey pzobably &gcmmt for the obsorved mcs}n@isﬁea*ﬁ
mla?.iemhip betweon the mitrient dogey and theiy perceniape in %;he

petioles of these two regions.

Cours gk gls (1961) ueed the phelloderm for & similer
dizgnosiie techique for pb'éassium in taplooa, ' No attenpt hes beon
nade in thie investigation to vorify the suitability of the
vholloderm a5 a reflect for nitzogon and phosphoruse Tholr mein
objeotion 40 choose leaf as a veflect is that the plemts under the
climotic conditions in' Modegascoy shed most of the leoves in winter
which 15 the best %ixe for collection of semplase Momeovor, the
variety with vﬂaicﬁ they worked was one with e duration of 24 months
vhich 45 uneommon in this rogion. Besides this, the corzelutions
obizined by them betwoen nitrogen end phosphorus in the phellodern

on. one hand and the nudrients in the =0il on the other were



respectively non=-significant and negatively sipnificants

Tho main aedlrilutes of the reflect chogen in this study

aras

1e saze of handling and sampling,

2+ homogenity of the mabterial ‘ahe.t mininises errore

in semppling,

' 3¢ volationship of the concentration of the nutrients

in the petioles to the variations of theze mutrients
in the soily end

4e sultability $0 assess p@“’d&asium and ¢aleium s’za‘tus

of the plants (Pushpadas, 1968).

The cozpelation botween the pevcenteges of the nutwients,

nitrogen and phosphorue in the wefleet at different stages of growth

with the final yield ave chown in Table XIV.

TABLE XIV

Correlation between the percentage of mutrients in the weflect and

the final ylold ot different stages
of geowth ‘

b

Rutrdont

Corrslation coefficienta

Age at sampliﬁg

62 daya 136 days 0% ﬁay;

M4 B~105. Med  He105  Meq H-105
Ritrogen - - 0662 0,94 0.5 0,30
Phosphorun 0e21 0012 064 0039 0,19 0428

Values of p, for significance g

¢ 0448 2% ¢ per cent lovel
038 at § per cent level



'L.'»‘ : V T 3

1% 1s evident fron ihs'ﬁ'able'tmﬁ the nutrients in the
zaflact at the second esmpling, ieee 136 doys eftes planting, are
1ba‘v;ber eorzalated tith yield then that at othar eamplings Thus
for the dia@waia af the nu‘!:rian'& sta%z.u of the planta with reapeet
+0 nitrogen end phosphorus and for predioting the yiem, ths secend
- sampling done on the 1 36th day 18 found to be the mook ‘Buitables
Sinco nitrogen was top dresnod only afm the first sonpling, .
correlation &efﬁeiénts have not been worked oub for nitrogen st
this stega. Sintler procedures to detarmins the siage of canpling
“was adopted by Leonard ot al. {1949) in met pomte, Evans (1955) :
1:1 sugarcane and mny oOther workers on di:f'ferent cropes

- The eritwal 1evels of nuimienta on a vnnet'y of e..*-ops

by foliap amlysia have besn established by difz‘ermt wazkem
(Cyner, 19473 Ulrdch, 1952 and Prevot end Qmsnier. 1954). It ds
geen from such givdies ‘ﬁhae the critical Ievala far e mztﬁent h&s

to be eatablished for each crop and’ very a;t‘ten fer each tariety of

& orops The eatabzislxm'b of exitical eoncentz&tion of mmepﬁa
 necessitates the wialysis of & very lexge muuber of tissue semplos
'éemam from gach vam*?y‘ of the crop under widaly varying scil |
and c}.im%:le eandiﬁiom. vaioualy eharei‘ore. establisbaent of
. ez-i‘aical lovels connot bo a‘eﬁempﬁsd from the rocults of the ymaent
s.tudy. Uoreover; no specific deficiency syaptoms were exhibited by
the {;mm' to facilitate a vieusl diagnosis. However, it is possibla
% suggest tho parcentage of the nubtrient 4n the veflect, below vhick



8 ﬂaﬁcim magr exict whan empie& fmam & four and & am mn%h
o1d plmﬁ(%ama mr).

?A&LE XV
&gpwmm ﬁeﬁ.&im&y lwe},a of nitrogen and yhaaphema in ths
- mﬂec'b

Porcontage of the mutrient in %e, refleet
on ﬁry mﬁw bagis

" Varioty ;

. Hitz:agan (2!) Ehoepharia a@iﬁ( 5)
. Ned S A "Gu?ﬁ » o 0415

Ee05 . 00 - 03

The chenical aualyses of the reflect for the @ifferdnt
 nutrionts chow that thofr pereentege dn the veflect ie governed by
 complex intervelaticuships snong She mutvients. Tho cosbinad
appii&aﬁm of nitrogen and gmm i:‘;_ﬂumcaa the peresntage of
theso mutrients in the yefiect, though the intoraction is cignificent
only a% the finsl sampling {Tebles E?‘and Ve ] m %ﬁé finel stoge, & |
higher concentzation of one nntrient in the zeflech 15%@ %5 be
assogiated with an inedequate addition of the other mutrient to .thé
goile 4n a”mxﬁant zmpmy of m%z:ﬁgaa a:a conmpared to m%pzzmm

wight have enhanced the a%ilﬁ.aaﬁan of phosphorus, decrsasing its
camammﬁien in the petiole. If nitrogen is Mteﬂ.wﬁ, y!wsx:hnms
regumslates due m daercased mﬂiaaﬁi on af ‘the como $a tho symhasia
" gnd trenplocation of org
beon veported by Miliew (1938), Heyar and Anderson (1958)5 To end
singh (1959) end mi (wéa) on other crops.

mpemﬁs. Simider cbsepvations have
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The retionsle for the accumulation of one matrdent in tho
sbacncs'of the other finds manifostation siion the relatiomchip
between the mutrient content in the reflect and the yield of plants
16 considerod. - From Fige 1, 15 om bo cecn, that though the maximm
perceniiage of nitrogen is shown by the treatment n.0, (150 kg.H/ta.
with no phss?!wm), the maximm yleld is glven hﬁr the treatment
1,0y (150 kge ¥ and 100 kg. peoﬁlm,), The acoumiation of the
nutrient ir@icatas 8 degressaed synthes;‘s of starch resulting in s
decrossed yialds When nifrogen and phosphomue ere present in an
optimm ratic, synthetic réactiuns may be sufficlently fost to
prevent accumulation of eit‘héz' nltrogen or mﬁyhcrﬁsa

Though & uniforn dese Of 250 kge potash per heotare has
booh applied in all the plots, the reflect shows significont .
differences in the percantoge of potassium, besod on the different
doaas of nitregen and phosphorues As is seen from ‘1'&,%1; VI, nitrogen
inoreases the ﬁctafsaitm parcontage in plents, wheress phosphormus 1o
Besh to have a depressing effects Mitrogen, by its capesity to
ineroage Yoot growth, can be expootod to inorcace the ability of the
plantei to eboorb pctaasium., The gynergetic a?.'fect of nitxogen on
potagaiun uptake obacrved in the present study £inds support ln
pinilar works reporied by %o and Sinsa (1959) in potato and Chhoniar
" and Singh (1963) in bhindi. Furbhor, the significant interection
' detween nitrogen end potassium in incressing the yleld of tapioca
has aleo been roported by Pillai {1967).






PIGIRE 1

PIGIRE 2

Graph chowing the relation between ylold and
parcantagn of nitrogen (¥) in the refloct -
ecnectee from 136 doy old tapicca plants

(vex. ¥~4 and B-105) under the various treatments.

P

ving the relation between yield and
parceniage of phosphoric seld (P ) ) 4n the
reflect collected firom 1 36 day 01:1 tapioes pkema
(Var. ¥~4 6nd B~105) undar the vexious troztments.




RELATION BETWEEN YIELD AND N CONTENT IN PETIOLES
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A g;mmasﬁa decrease iza the pamenmge of nitvrogen ia
observed in m@@e&sﬁm semples though ell the n%z%@g@n hes besn aﬁé@@
hawam the ﬁ.szaﬁ éma @awz}ﬁ somplings (mme W}a A plailee
ﬂeamaamg %mzzé i noticed in the case of yhaay&wms; %?%ill& the
entive dosg of gﬁwspmmm has ?meen appn@é a5 & basal ﬁ&?@@&iﬂgo 1%
be wocalled that the second samplaa vere ﬁa& én 40 dayo eftor the
‘apzalimaﬁﬁ,@a of aymonive si&ph&"ﬁa. The spurt of grovth in plands Shad
ensued the %op &mﬁsm@ with ﬁie‘mﬁg@n migh% heve 2ed to o dilubicn of
the nutricnds :m planteg %hzmgn the f;etal upnbake of %iﬁmgm @malﬁ
have boen m0¥e m the S@&ﬁﬁﬁ piage. This partisily exnlwas ésb.e lower
pamm%m of nitrogen ang yhsagiwm@ in the socond a@&@’m Si@i&a@ _
éiﬁu%iom affeats ware veported %o occuwr in mABy plants {aa;zﬁa, 19@2).

. ﬁ@m%m a ssimi‘m, dtlution affﬁa% is nob @pﬁmﬁw on the ;;azmntaga
oF pm:miumo e unifornly high dose of potageiun applicd ond tho
- xoke of zx:famgm in dnerenning potessium uptake in mmmlg a;»pasa- e

ﬁa be the mﬂh&b‘ie masansz f-sm +ha @bsew@ﬁ msmmo

L

Tha mm@a ;cm.am‘:ea et the thizd staga m@é@@;a’ Pupthor

decvense in tho poreentage of ni%zageﬁ and phosphorus {2ablos IV end v‘é’)e
This doavenco, obsewvod with age, oen paztly bo atteibuted to e
gma‘aa@ ﬁ;.nm?m.a@ of sieme"'uml m&%@r‘i 8l as e@np&mﬁ w projoplasn
(Ulrich, 1952) end gw:%iy é:a the vigorous xmﬁrimt a@mzz,ﬂm over
Gry matior m@é&am&n in the eerlier ctages of growth (R@:‘xyg ‘i%&”)o

Goodall and ﬁm{zﬁw" (194“?} and Jopdon et ot ale (1952) ,ﬂa@ﬁrteé siniler
fimimgs in the case sz:;i? p!mga@imma on e@rﬁmneﬁh@r SUOPBe



A siviler %rend in the perecentage of caleiup and wegnesium
457 vhe reflect at different pericds of growth has been observad.
Both show o decvesse in the sacond stage and then an inorsase in the
finnl stage (Tables VII and VIII)s The increase in %&e porecentego
of caleixxﬁ at the finzl otags may probably be dus to the incresse in
the struobural madorinl vhen the plents grow older, 8s menbioned
eaviier. According 4o Tussell (1961), esleium being & slructurel
comiaaszgab of the esll wall gots Geposited as caleium poctate, therevy
incressing the percentage of calcium in dry motters The behavicur of
m@esium, howevay, cannoct ‘oé discussed with the 'restxlﬁs obtained
aince magnesium was neithor a %reatment nor the suliability of the
refloct %0 assess the muznesium stetus of planﬁs worked out in the

present siudy.

Bs ¥iold ond wield components

The maxirmm yicld of tubers, vizs 28‘.6 tonnes per hootare
in Yed and 30,9 tonnes por hectare in H-108, is givem by the treaiment
combination consigting of 150 kgs per hectare of nitzogen and 100 kge
por heotare of phosphoric acid (nepz). This ig neerly three times
euperics o the yield of the control (Table XI and Plate IIT}. The
tmémaam that has given the next highest yield is the one that
inlf/lu&ess 75 kge ©f nitrogen and 50 kgs of phosphorle @i& per hectare / '
(n.;pq}, though nazﬁ‘q and B, Py are aleo greatmmts in the experimentds
Thig loads to the inference that the crop prefers a cewtain retio

between nitrogen and phosphorus for menifesting its meximun yield
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. potentisls I% cam also E@ inforred ithet inorease op dearsise in
the quentity of smy ome nutrient to uvpset the matie eppreciably,
ey 1628 to o vefuotion in yleld. Frop Pige 1 end 2, it might olso
Bo soen 4hat the eddition of nitrogen sither depresses or incresses
the yiélé depending upon the level of p}msg‘izémwm the plante
wittwor gb gle (1947) vecorded & similar @%ﬁamﬁim in povato.
Bitrogen and phosphorde acld in the vatlo of 392 have @%ﬁ@ﬁ@ﬁ the

magdonn yields

| ‘Phe impopbence of applicotion of nitrogen and phocphowrus
in conjunction sith ash other is aloo brought eut by Toble KIIX,
which sumpardses he m&cenﬁagasm; of m%ma; Toootnonte having
elther pitzogen op gz‘%aéaz:«a%m alone vielde? less stzweh in etmpardson.
with n_Py and ByDge The xole of nitwogon end @mw@g@@ motebol1d
activitien of plents is & well recognissd foct. Dilvogen, theoush
'%sa. affeck on vegetative growth of plonis eﬁ;@e@mﬁg by increanlng the
m@bw and oizo of lezf, increases the totnl photosynthelic avaeas

9‘5;1::@@ in pland

ropphorue en the other hond controls meny ensymatic vos
wobobolisn end e «zm' papt in phosphoryloticn indigpensibie for the
synthenis of oterch end other oxganic compoundse The inovstses in
the perecntege of obarch buought about by the conbined action of
nitregen end phoophorus has veflacted in the higher ylolds obtalneds
Thae the two vm‘&rﬁa@%ﬁ ean fiwmobion in meny ia?;aza%@ ways in

plante, eo zuperbod by Hoyer end Anderson {1958) end Buasell (1964).

Tha wooulis obiained ot the Taplocs Bescarch Hlaticns in

Fozels (Anongmous, 1963) showed that the zeoprnse of the &wop 0
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phosphozus was ervatic. The high responge qf the oxsp Yo phoesphorus
and a ai@ifiwm .eff.’aet of the intoraction habwoen niitvégan and
@h@éphama‘e‘asmad in the present siuvdy m2y .pﬁabably be due o a
groater avallability of phoophoms thad might have resulted from
liming. Truog (1948) weported thmt liming could inc%aaﬁe the
svailability of phosphomme. The pola of nitwogen in inexeasing the
‘caprolty of plants, in genexals to abaorh p!;m;a‘g;hcrus by ea!ianm& yoot
growth and theveby the foraging capacity for phosphorus wis zeported
by Grunen (1959)e The pm,aeﬁﬁ finding is in emxémy with the |
observation that nitrogen and 91:9:3;;&@:&:9 ave important in declding
the yield of tapicen (Malavolte et sl. 1955 and Pillal, 1967).

The effect of nitrogen and phosphorus and thelr iﬁﬁmc‘aim
on ineromsing the weight of cheot ia similar to the observations wade
on the yisid of tubers(Pable X¥)o Tha highly simﬁeant and positive
~ corvelation between the weight of shoots and the welght of tubers for |
the combined date f_rg:a both varieties (z = 0.93) showa that similayr
fagtors ave opersiive in increasing végetgtiva growth, Ths
spectaoular role of nitrogen end phosphorus in énkm;xeing vaga’e&t;va 4
growth and drxy ;naﬁi;er- producticn in plents, in genexal, wea ra_};ﬁrteﬂ
by many workers like Black {1957) and Rusesil (1961). The present
finding egreos with the cbservationa of Kalavolta et al. (1955) on
taplocss ‘

Cs Quality of tubens
The poseibility of regulating the -quality'af tubers by
vesorting to & monuring schedule eonsioting of & judicious combination



of nitrogen end phosphorus i one of the signifd

axising from the present studye

The combination of i:ém E;ifgkessj% levels of nitwvopen and
phogphorus {zzng} has reeomded. & signifficantly hishay sborch
percentage coupared 40 the freatmento ngggaé oF Babye It do |
undorstendable in the 1ight of the physiclogiesl zoles of mitmosen
end phosphorzus in envhohydrate aymthesic that o ovop like fapiocs,
wich iﬂ.ﬁamﬁg 'zaigzz‘?; mma%a_mgh sboorphion of those nubrionic. |
Howovays the mesp for the highest level of ni%x*%@nam% a
pignificant drop in &‘mﬁz percentege in compapicon wiih e wexﬁ
lower level (Toble KEIE and Fige 3)e To exploin this, tho possibility
. of enhonced conversion of carbohydrates into vrotoine in the presence
of edequate nitrogon, 2o suggested ia:,r fuescll {1961), connot be wuled
oute Thic apsumption i"‘iﬁﬂa guzzz;em from the date in the some Toble
ené from Flge 4, which show the mexiomm perconstapge of eruds m@ﬁéi:; |
for the highest 1@%3. of nibrogen. iﬁw‘mmﬁ @%&imﬁ io suppurted
by the findings of Malavolia gob als (1955) eng by %&w#@%ﬂg of the

Tapiocaliosearch Statlon, Trivandmm {(inonyoous, 1957)e Hovever, tho \
| works of Pillad {1967}, which vecorded & linesw relativnshin beisesn
the pevcentoge of gharch end the inerenentel doses of nitrogen upto
150 kg. por hoctere is ab varience with the rosults of the present
atuiye ‘ | | |

Regarding crude protsin, it moy te pointed oub hab The
higheoot level of mitrogen alone hog not ylelded the mezisum
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ﬁamwmm {Tablo XITIYe Tho plunbs that r@@aﬁ.&e& mitrogen slone ﬁ&w
reourded & lowsy percenisge of orudé profein in thelr tubors émﬁigm-eﬁ
$0 those that received phoophorus along with nitrogen. Slwiler results
wors yaported fron the Tapioce Resparch Hlationg %iﬁf"‘ﬁ*fm { fmonymoun,
19€0) and elso by Pillei (1957)e The synthesis of prodein would not

| toke place et zepld rates in Plunts deficient in phopphomus i?ﬁaym end

Mdoxeon, 1558).

Phosphorue is geen 6 influcnee the dmy mattew ccntont of
tubors, while the effect of nitwogen is significant only upto the middle
leval, Le0e TS5 koe nitrogen per heotore ﬁ?&b&e.}iﬂ)g The rosult i in
 pertial agreement with the findings of Mslevelte gi ale (1955}, Couzs
gt 8le (1961) eng Pa1led (4 96?)‘.' The freatmont BB, rocorded the
oaxionm p@eenﬁ&g@ of doy mattor in both the vemictlen (30.97 in Mes
end 57:9% in H=105). Bub tho highest level of nitrogen in the ebsence
of yhbsy%’zoms has given a significantly 1{5@ porgontase of dry matiop
end oterchs This indieates o relation bolweon s%aﬁa%z. and dzy netber
in Gulera, & m@l’s thut lends sappent to tho meport of tha i“ﬁgi@@é

| Resenveh Stabtion, Trivendmm {fivenynous, ?953)@

Hitrogon ie found to reduce the percentage of %&ﬁbﬁ@ porbion
copooinlly in the aﬁae&z@@ of z:fmg%;z%wmau The minlmm valves of 8148
por cont in Hed and 80.7 per cend in E«10%, are recenied 7%3? whe
tycatoent P, {(Tabie ¥IZ)e A compapable vesult was zostzded by ~
Pilled (1967) |



The study on the iwﬁmcsyemié aéié' content of tubops
eaphasises %@‘@m&im significancs of balanced applicaticn of nitrogen
and phosphomus. Uhon the incremental doses of nitudgen have
gignificently indreassed the hyﬁrﬁmvaﬁié aeld content in tubersy

phogrhopus hao shown just tho zeverse effect ﬁ@ a gignificant

egnitude. Thus phosphorus is scon %o alleviato the effect of nifwogen

in thio regepd (Table XIIL).

1t was veported by Moyor and fndersen (1958) thet lmorgenic
nitrogen compounds would acoumulate in plante in the ohoched of
availablo phosphntess Boyd of al. (1938) reported thnt eyanide was
forméd due to & peculisr type of protein cynthesis by which the nitrate
nitrogen in the plant tissue would be tranafuzmed inte hydzooyanic acld
in cyanophorie plants, as an intermediate stage botwson nitrate and
m’m acid in the fommebtion of proteins In the lé,gm pf the mizsm%smm
olted, it oppeazs that the low phesphorus supply might have inhibited
protein aynthesie in the phoephorus deficient plents, resuliing dn an
‘scoumulation of hydrooyenis acid. This view gets ctrengthencd when
) c@a& prodein content of %é’xa %m&tm@a%é NPy OF BBy ig,exm}}im&'
(Deble XIII)e Thoy rocord & significantly low crude peotoln eonpared
to the troatucnis f,Dp and noBye 48 nitrogen is en evseontinl
conebisuent of hydroeyanic aeiég gmé’@ﬁ’falg higheor quantitics of this
eies:zaéat wight not have sccumilated in nitrogen deficient plants o
increape the hydvocyenic acid in thoir tubops. The influence of |

nitrogen in inoreasing the hydzocysnic acid content and the role of
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phosphorus to mitigate this effoct, o noticed in the present study, lends
support to similer observations made by Pabtel and Freight (1958) im sudan
grasss |

One of the objectives of tho presont :invmti@ﬁm is to
delineste the varietal diffarences with vegerd to the pevbern of upbeke

of the mutrients and o tho yleld and quality of fukers.

In & broad sense, the pattern of upi;ake of the two nutrients
under study es judged by their percentage in the reflech, en be considered
$0 be eimilar (Fig. 7 and 2). The vaarie%j H«105 may be eonoidered nors
‘efficient in viiliaing the mutrients as 16 hes registered a higher
percentage of ni%rogén and pwassiué &t the last two siages of g.e@m;h
studieds The higher capaclty of He105 for nutriont absorption might
have na‘auéally led to the lerger number of leaves, grsator helghd; more
nusber of tuber.s, groater shoot wolght eto. wltinmately leoading to a higﬁer
yicld than Wed. '

4s to the quality of tubsrs, M~4 io seon %0 be superior to

H~105 in dry mabior and percentage of cdible portion. In the percentage
of stapch content of tubsrs, H=105 io found %o be superiocr 50 ¥-4. Under

conditions of varying doses of pa*aassiﬁm and coleium 1% hes beom found
Shat VH-‘mﬁ is guperior 40 Y¥-4 in percentsge oterch conitent, though when
the yield potentislities of the two varietics ayxe coneidered in terms of
kilogram storch por hect'amé, M=4 bectmes superior (Ptaﬂh@&é&a. 1568},
Thio is _éne t0 M=4 being superior ® -H«-'JOS in respeet of percontage of
‘edible portion end dwy matter of tubere. But, in the prosent stwdy such

a8 roverssl of cuperdority has not beon observed because of the sraater



differonces in yield betwoen the two variebies overviding end vasking
other irzf‘léeneing qualitios of Hed. |

The findings, in general; point out the importonce and nood
of a balanced application of nitrogen and phosphorus fo bobh the
varictios inprder t0 venliso a high yield per unit erss and also to

produce quality tubers.
TABLE XVI

Relation between tho epplication of pubvients and the yield
and quality of tubers

Wold in Torcentege  Porcentage — Rylrooryanie 5oid
tommos/hn. obarch  dry matter  in mg. por kge of
Troatnant fresh tuber

Bl H=105 w4 He105 - He=d He105  ¥ef  He05

Aody 16:9 178 T6u7 T7e5 3Tel 36o8  3Ted 36,2

%@0 1703 198 T3e3 724 373 5646 4349 54,0
n?p1' 2640 2640 8148 S1ed 3941 373 38,8 40.3
n,By 286 3049 800 62.3 39.9 3749 40,3 4149

in exsmination of the ebove table veveslo that an inbalones of
the two mtrionts, nitrogen end phosphorus, will be more detrimentel

than even & lower, yob balonced application ef then.



SUMMARY AND CONCLUSIONS
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in investigetion was cavrled oubt at the Agricultursl
Gollege and Reseamch Institute, Vellayani during the yeswy 1966168
40 ovolve & coitoble dlarmostic tecimique for the mulritional status
of nitrogen end phosphorue in twe varicties of tapioca {(M=d and B-105]
by f‘g@a? anglysin. The ms;:;@ﬁgs@ of the two varieties tu graded dooes
of nitrogen {0y 75 and 150 kg. H/he.) end phospherve {6y 50 and 700 hg.
%@9/}%) and thelr interechion in veletion o the pattarn of uptake,
yiold and quelity of tubers wes also investigated. Potacsium end
ecalolun wers kopb conatant ab 250 lg. snd 1200 kge per hootawe
m&pm@zi%@m 4 Split-plot oxporiment in E;}B--:@n, with three 1@91@
eagh of nitrogen and phosphorus in factorial ounbinations o nejor

troatuonte and with the two vorieties oo minor trestments, was leid vut.

Lenf lominue ond petioles euch Wm iato thuree
mﬁ@m}ﬁg&@ﬁ eotegorion, were és&{é for testing the sultabllity foz
the diegnostic enelyois. ‘%‘h@g}i&m% ;ézza:t thus siondesdiced (veflcct)
was aﬁs;?a.-ygeﬁ a@i "@32"33?&3@ stageg of growth for matvient esntonte M‘&mc
choezvationn wore vecorded at thvee stages aé‘ geowthes  Yield @@mméﬂ%a
axaﬁ gquality faetora of tubor ware aseessed in relation Lo S.Bmfi%im of
the plondse The yesulis cbiained and the amamszism deawn asg
smarised belowe |
1. Studies on corralation bebween the percembsge of nitmvgen exd

- phosphorua in the tlssue =nd the quantity of these pubrlente added
so the sodl rovealed thot thw widdle ono thind of the toisl |

pebioles would be the beet reflect for nitrogen and phogphorus.
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The percentage of the mutrients in the reflect collected in the

‘seeond etags, lege four and & half monthseftor ploating, corvelased

well with the yield of tubern, Justifying the ci;oicf:-: é;f the refloot

and indicating the possibility of predicting yield by ticsue analysis,

0.70 per cent nitrogen {H) end 0.15 per cont phosphorie acid (PQOS)
in the mofiech of & four and & helf nonth old plent were fomd o be
the approximate concenteations, below which e deficiency of these

nutrients would ewxist in both varieties.

Applicetion of mitrogen remidted in a significent inecresse in its
percentage in the reflecs, whereazs vhesphorus decressed the nitrogon

percentagn.

Application of phogphorus significantly incronced its Lavrcontoge in
the voflect, while nitrogon showed a depressing effect on phosphomus
é@ﬂ@@ﬁ%o

¥itrogen significantly increased the percentage of potasoiun in the
reflect, whilo phosphorus showed the peverse effect.

Feither nitzrogen nor phosphorus hed any significant influence on the
mumber of leaves or neight of planits.

Nitzogen end phogphorus, individuslly and in combination, exorted a
significent poaitive influence on the yield of tubors.

The individusl effects of nitrogen and phosphoxus ag well as their
combined eoffect were found to be sigaificant in increasing the

pexrcentage of dry mattor and cwude prodein in tubors.



10, Nitwogen afgnificantly decrensed the percentage of edible portion

of iubers, while phosphorus had no influence on the Sane.

11« litrogen at 75 kgs per hectare sign.ii"ican’ﬁly increased the percentege
_ of s“!:aéch in tubora« At 150 kge per hactare, e significant deorense

- in stareh percentags over thath et 7% kg per heotare was noticed.
Fhosphorus showed o significant positive influence on %he percentage

uﬁ‘ ptarch,

12+ The effect of nitrogen and phesphorus, the formep positively and the
- latter negatively, was highly significant in influencing She
hydrogyanic mw content of tubers. TFhosphorus in combinntion with

nitrogen was found to mitigate the influence of nitrogon.

13, 48 judged by the perceutage of the nubtrients in the 'mfmms, H=10%

was fcuné %o be move efficlent than ¥4 in the uptake of mtmianﬁa.

14s =105 registered superiority over Ned in mmbsr of leaves, height,

weight of ehoot, number of fubers, yield and ptareh content of tubera,

15e H=4 racorded superiority over H~105 in percentame of duy matbtor and

- edible portion of tuberae

16e Ho varietel @iffersnco was observed in the pereentage of crude

- protein or hydrooyanig acld content of tubers,

17 Considering the yield and the verious faehors contzibuting 0 the
Quality of tubers, the treatment embracing 150 kg. nitwogen (N) and
100 kge phosphoric acid (Paﬁs) per hectare could be daken &g the

beat, for both the varieties. The troetment correaponding to 75 kg,



nitrogen and 50 kg. phosphoric acid per heectare ranked second
in yield. This showed the importence of a 3:2 ratic between
nitrogen and p?%cspherief acid in é:he feri:ilizaﬁim Programee of

the Cx0Pe

Some of the future Llines of investigabion whick the

Iresent study bas opened up aves

(8) improvement of the evolved éiaggﬂestic.téchnique by including
more frequaﬂt ‘samplings ab the éarl_y stages of growth and by

restricbing the number of pebiocles sampled;
(z) esteblistment of critisal levels for titrogen 2nd phosphorus
' by corrving oub a largs muwber of sxperiments in diffevent
sgveclinatic regions of the State,

{e) the atudy of interrelationship between calclumy m‘gﬁesiuﬁ aml

'

phospherus in the plaat: and - | -
(&) the possibility of finding out the most switable doses of the
vapious nutrients, which weuld givez the highest percenbage of

stapch ond the lowest hydrocysnic acid content in tubewse
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APPENDIX I

Feotoorologlcesl date recorded at the Agricultural
College Fam during the crop pariod -

- . ‘:‘eampemme i Reistive
Month - Reinfoll in ofaseeesces - humidity
- . Maximum Hindmam  (per osat)

June 1967

(29th & 30%h) 390 @ 8440 80,0 O 890
July DR - B X3 8. 0949
Mugust 5240 87.2 15 898
Septenber 5000 8649 7746 8846
Ootober 2600 85e1 79.0 8943
Eovemﬁer 46,0 8645 - T18 - 884%
December M1 86s6 799 @82
Jenuary 1968 339 a8 | 685 - 873
Pebruary Uk 9ted | 6849 8943
Mapch

{+i11 16%h) %9 ¢3 ' 9% .8 £8e9 8645




APPINEIY TX

Ritrogen content in poticles ~ I cempling

{2nalysis of variance)

Sum of Mi“%

Total

Souree ‘ aef V&aiamé | pecatio
Bloek 04004 2 04002 i
Mejor trestumb 0046 8 04006 1
Zpor (1) 0ei21 16 - 0008

| Hinor treatment 04059 1 0,058 19433
Interaction 0,090 8 oo 366"
Beror (2) 04046 18 0,003

0.355 53

% Slgnificant o8 8 por cond level

#% Sionificant ot 1 per cent lovel



APPENDIR TIT -

Hitzogen conbent in peticles « IT sanmpling

{4nniyeis of vaxdence)

Soures - Sum of sén&rea} o def Vari&ieé | Fepatio
Bloge . 0.020 2 00100 7.0
M jor ﬁr;za%menm ' o

W | 14381 2 0.6905 55243

P 04001 2 0.0005 1

HxP 04012 4 0003 2.3
Zevor (1) . 0,020 16 0.0013
fiinor trestmont 0,039 1 0030 1127
Intoraction - 04077 8 0.0096 2.7

 Feror (2) 0,063 18 0,005
Total | 1613 53 -

® Slgnificent et 5 por cont lovel
x Siemificont ob 1 per cent level



APPENDEX IV
Hitrogen content iu petioles - IIT gempling

{Mnelysin of varicnes)

Souzcs Su of sgueror  dof Variemce Fepatlo
Blogs 040213 2 0157 iDed
¥ajor treatments -

N 104064 2 09032 468
» 061335 20,0666 4t
BExP 03908 4 00977 GeS
Evror (1) 00240 . 1% 0.0015
Ninor trentment 040003 1 00003 4
Intersotion - 040432 8 0,005 1.
Brrop {2) Bo1244 18 0.0069
fotal 21537 53

¥ Sleplifionnt eb 5 per cent level
#r Nomificant ak 1 per cand lovel



Phogphorus contant in petioleos = I sampling

APPEEDIX V

(Mnalynis of variance)

» Sourge

Sum of squores . def Varlence feralic

Biodk 0.0361 2 0,019 1
Hajor ‘E;Qeatmeam
R 040585 2 0.0293 ‘.
P 1.2132 2 0.6066°  9ud
Hx P 040837 4 0.0209 1
Ervor (1) 140271 16 0.0642
Minoy treatment 0@0454 1 040454 1
Interaction 044958 8 0.0609 19
Brror (2) 1@477 18 0.1026
Total, 448095 55

#% Bignificant nt 1 pex cont level



APPERDIX VI

Phoophorus content in petioles = IT campling

{Anslyeis of variance)

Squrcs Sum of ggquares = def | Vardanee ‘F{-@a%m

Block 0.0129 2 0,0065 = 3,61
Mejor treatments

R 0,012 2 0.0006 1
P 042252 2 0.9126 6255

Nx P 00144 4 0.0056 2400
Exzor (1) | 0.0269 16 040018
Minor irostment 040003 1 0.000% 1
Intoraction 0077 8 00022 9
Exror (2) 040437 18 040024
Yoted 0.3443 5%

#% Slgnificant at 1 per cent level



APPENDEX VIX

‘Ph@apham centent in pobloles - IXI sumpling

{anaiyeio of vapience)

Souree

d.f Varionce Deratdo

0.04393

Sum of aouATes

Block 00008 2 0.00040 1428
Major treatments

5 0400238 2 0.00145 371

P 0.0258 8 0.01290 49e59°

¥xP 040027 4 0.00066  2.92

Twor (1) 00049 16 0.,00058
Winor tveatment  0.0000% 1 0.00003 %
InSexaction 0.00%0 8 0400037 1405
Beror (2) 000064 18 0.00035
Potal 53

# Slgnificant at 5 por cent lovel

e Significont et 1 por cont lowvel



| APPENDIX VIIT

Potapaiun &n%en% in péf:ﬁelea - I gompling

{Analysis of variance)

Souree San of aquérea  Qf 'vVaz:i.&neeA Pepatio
Blogk 6470 2 3,280 571"
Major trestment 90980 8 14245 7040
Eeror (1) 144160 16 0885
Hinor troatment 0510 1 04510 1454
Interaction 3.760 8 0.472 1442
Exyoy (2) 6.050 18 0.336
Potal 204950 53

# Iﬁi@iﬁcﬁnﬁ at 5 par cent lovsl



APPENDIX IX

Potagoiun content in petioles ~ II eampling (Avalysis of wariance)

Soures ‘. ~ ‘sumaflaqma | ae ?smim'ee,_’ Mam
Block 0w 2 o2 1
Manjor treatments | , - N
L] 376 2 180 545
r am 2 2.355 6ag5™
Nz P 1483 4 0uST 1425
meor (1) 584 16 0365
Minor trestment 322 . 1 3.220 9478
Interaction 3431 8 0413 0 1.4
merop (2) 5494 | 18 0,330
Total 29405 53

® Significant at $ por cent level
#% Significont et 1 per cent leval



APPERDIX X

Fotassiun contont in pobioles ~ ITT sampling

(Analyois of varience)

Vapriance Matié

Source .Em ﬁf’ aquéaes d;t
Block 34455 2 1.728 Te38
Major trestaents |
¥ 2,706 2 1,355 508"
P 3,762 2 14881 8,03
XxP 0.748 4 0.187 1
Brror (4) 3,746 16 0s234
Minor (xestment = 54352 1 50352 19,31
Interdetion 2248 8 0428% 103
Brror (2) 44903 18 04272
Totel 264920 53

* Signifiomnt 8% 5 éez.- cent level
% Significant at 1 :ﬁer cent level



AYPENDIX XE

Celeium content in potioles - I sempling

 (&nelysis of varianece)

Soupco ' Sum of smiares . dof Variancs Feratic

Block " 048724 2 0.4362 148
Major trentments

K 104242 2 0.7124 301
P ‘ 042671 2 01335 1
E=xP 49651 4 teg2z 54"
Cmeror (1) 3.6651 16 02261
Minor treoatment 0.0704 1 00704 1
Interaction 143047 8 0. 1756 |
Erzror (2) 344682 18 07934
Potol 161372 53

#* Significent at 1 psr cont level



APPENDIX XIT

Celoium content in poticlos = II oampling
{Mmplysic of varionece)

Soupes . Sum of mguewes d.f  Variengo Fewetio _
Block 03648 2 01824 175
Vajor treaitment 1.047% 8 0.159 1423
Teror (1) 1,609 16 0.1056

Minor treatnent 040028, 1 0.0028 1
Intaraction 04T . 8 0.04%4 2,46
Bmeor {2) 0 3616 18 0.0201

Potnl o 3.0145 53




AFPENDIX XIIiX
Oalcium contend in peticles = III sampling

(Anslysis of variance)

Soures S of sgusres deof Variance Fayatic
Slook 040140 2 D.DOSH 1
Major twentment 045870 8 0.0734 1
Fazor (1) 302457 16 0.2028
¥inor trentment 0.03%13 10,0513 1
Intoraction 004270 8 0,053 1
wror (2) 2,967 18 0.1553

Total 740987 53




APPENDIX XIV

Mognesiun content in potioles =~ I ssmpling

(Analyels of varionce)

Sm::ca Sum of squares def Varisnce : Feratic
Mook 06194 2 0.3097 1
Major trestment 548795 8 0.7350 2423
Erxow (1) 542649 16 0,329
Minor treatment 242042 1 2.2042 11,08
Interaction 2.4574 8  0.3109 1456
Exvor (2) 345980 18 0.1908
Total - 2050501 53

¢ significant at 1 per ecant level



Magnesium content in poticles = II sampling

APPERDIX XV

{Anelysis of varianeco)

Scurge Sum of squares  @of  Vapiance  Feratio

Block 0407 2 04035 1

Mujor tresiument 0.88 8 Q910 2404
. Ervor (1) 087 16 0.054

Hnor tzeﬂa‘amanﬁ Qo1€> 1 0160 %5.16*

Intexaction 029 8 - 0.03 1438

- Ezzor (2) 047 18 0.026
Total 2,74 53

# Significant at % per cent leovel



APPENIEX  XVI

Mognesiun consent in potioles - ITI gampling

{Anolysis of variance)

Souxrce Sup of sguares deof Vaplanee . Feratio
. : ‘ii‘

Blook 0e384 2 0.192 635
¥ajor troatnent 0+314 8 04029 1,29
Feror (1) 0.483 16 0030
Minor treatment 0.036 1 0.0% 1414
Interaction 0,460 8 04022 1
Trervor (2) 04573 18 0,032
Total 70970 53

##  Significant at 1 per cont level



APPYADER  XVIZ

Humber of leaves per plend - I obsexrvation

(Anslysie of verisnce)

Soures Sun of oUueros dof » Varionce Fepratie
Bloek 28748 2 118474 206
Fajor treatmont 19470 8 24454 )
Berop (9) 623419 16 35,95

 tinor tvoatnont 4283013 1 4283443 120481
Intopaoiion 42737 8 53855 154
Trror (2) 639,00 18 4544

| Toval 6403.57 53

il Significant at 1 per cent level



AVPEHDIX  WVIIT

Fusbor of leaves per plant - II observetion

(Anslyois of variance)

Source - Sum of pquares d.f  Veriance — Feratic
‘Block ’ 1843460 2 921480 2442
Hajor treabtment 3?92 2% 6 - 486- 5% {660
Teror (1) 6097407 16 38106
Minor treatment 848.05 1 848,05 540"
Interaction 970,95 8 12137 1
Error (2) 3026400 18 168,10
Total : 1657790 53

- # Bignificant at 5 per cent level



Nunbor of leaves por plant - IIZ obsepvation

APPENDIX - XIX

{An2lyeis of veriance)

Souree

Sum of sqaama’v d.f TVarisnce | Feratio.
Block 2520:,’? 2 126041 " 15
Unjor treatment 2918,0 8 3647 1
Eexoz (1) 131410 16 821.3
Minoyr trentnment 28.70. 1 220 1
Interaction 42670 8  53%.4 1
Bpvor (2) 1093140 18 607.3
Total 337993 53




APPENDIX XX

Hoight of plants = I obsexvation
(Anaiyeio of vepiance)

Source | Sun of squeres éoi’ Vaniahce Mati@
Blook ¢ 363410 2 181,95 277
Magor treatment 390467 8 489 1
Reror (1) 104723 16 6504
Minor trestment - 332451 Lt 332051 20480
Intorsction 174482 ' 8 2948 1436
wor () 00 26767 8 159
Cmotal . 2596400 5%

*% Significant at 1 per cent level



APPENDIX XXI

Height of plente -~ II observation

- (&nalysis of verisnce)

Souree o of 8@;@3 def ' Varmm# Fepatio
Bleck - 3967.2 2 19836 239
Mijor treatment 1552140 8 162041 2,04
Brror (1) 1325942 16 28,7

Minor treatment 54145 1 54145 4039
Interaotion -448.0 8 56,0 ]

mrver (2) 22970 18 12361

Total

3395309 53




APPENDIX  XXIY

Height of plants - III observation
~.(Analysis of veriance)

Source Sum of oquares d.f Verience  Feraziie
Riock 1454906 2 72703 351
Major treatmsnt  32727.7 6 40%0.9 1,97
Ervor (1) 330998 16 2068,7

_ Minop treatment 361749 1 36179 20433
Interaotion 1482, 8 185.3 1,04
Error (2) 32030 18 17749
Total 8867141 53

*» Significant ot 1 par cent level



APPENDIX XXITY.

Woight of tubers - yisgld
(Analyecis of varianes)

Soureo Bum of poueras def Vai-iance"

R If'kra’%%ie

Block 169,18 2 84,59 6a9T
| Ea,jer trantments »
N 720418 2 360409 2934
P 57268 - 2 286,34 | 25033
NxP 219490 4 54498 4e48"
Bexor (1) 196040 - 16 12427
Minor tveatment 9430 1 9,32 12413
Intexnction - 6483 8 0.8% 1.10
Beror (2) : 13+92 i@ 0.77
Totoi 1908447 53

* Significent at 5 per cont level

¢ Sdemificant at 1 por cent lovel



/

APPERDIX XXIV

Ruobor of tubors

- (Analysis of variance)

Source Sum of squeres d.f Vaviance Feratio
Block: 603,8 2 30149 1497
Major treeiments
N 269109 2 1359 8.8
P 593.0 2 2965 1493
NxP 107448 4 2677 . 1075
frzor (1) 245146 16 15%,2
. Minoy treatment 45743 1 457443 91»67**»
seraction 1286.3. 8 160.8 3,22"
Trrer (2) 899,9 38 4949
Total 1417246 53

# Significant at § por cent level .
% Significant at 1 per cont ievel



Weigut of shoot at harvost

APPENDIX XXV

(Analysie of varience)

Source -

Sum of squaves  G.f  Verience peratio
Block 245.6 2 1223 s
Najor treatmentt |
¥ ' 1193.6 2 59648 34476
P 55944 2 2795 - 16.42"
"HxP 4092 4 1023 5068"
Ezor (1) 27249 16 AT
Minor treatment 35246 1 352.6 0.8t
' taxaction 107.8 8 1305 ‘; 1017
Hryor (2) 20640 18 11.4
Total 334648 53

w Sionificant at 1 por cent level



Ty mabter of tubers

{4ralysis of verience)

BSoures fum of saguei?@a Gof Varianes | E?v-mﬁm

Bloek 1045 2 | 0s725 534

Hojor treatoonts |
N 23448 2 1740 54410

P 29439 2 144695 6772

NP 3,80 4 0.972 4048

Rrox (1) 3448 16 0,217

Minor tvestment 17491 1 17910 215,78

Interaction 4479 8 10,598 2420

Zreor (2) 1457 18 0,085 |

| posal 85496 53

# Signifieant et § por cont lovel
- #% Sienlficant at 1 per cent level



ATPENDIX XXVIX

23iblo portion of tubers

{Analysis of varience)

Source ' ‘un of guarcs  d.f  Vaplanca | Fexabie
Biogk " Osdd -8 Ce22 'E
Hajor troatments
5 59085 2 2992 2349
P 2416 2 1408 9
ExP . 94’(}9 4 2.2? ‘3.75
Brrop (‘3) 2@.53 16 ‘3:25
Winoy treatment 11400 K 19400 Be%4
Interaction 063 g 123 L
Brzop (2) 2@.2& 16 1 935
Potal 137026 53

#* Significant at 5 por cent level

#% Sienificont abt 1 per cent level



APPENDIX XAVIII

Storch eontent of tubers

(Analysis of varience)

Souwree  Sum of gquares  d.f  Variance  Feyatio
Bloek | 6644 2 33422 6'.75%
Major treatments
¥ 484,54 2 242.27 4924
P 395,22 2 197.61 4@..16‘”*
HxP 35468 ) 8492 1.81
Error (1) 7871 16 4492
¥inor treatment ‘ é.% 1 6.96 '4495*
Interection 784 , 8 | | 0,98 . 1
Brror (2) 25,45 18 141
Totel | 1100.82 33

# Significont at 5 per cent level
#x Si@ifiemf: at 1 per cont level



APPENDIX XXIX

- Cende profein content of tubers

{Analywis of variance)

Source \ Sum of sguares  d.fs  Varianes Pepatic
Bloek 0136 2 0.068 8.3
Hajor treatmentt .

S et 2 105 47ss2™
P . 052 2 0,076 9e39"
Az ~ 0.524 4 0% 16T
Hrror (1) ' eam 16 0,008
Minor treatment . 04004 1. 0,004 1
Interaction 04154 8 0019 1.9
Error (2) 092 . 18 0.016
Total ' 44203 53

*¢ Significant at 1 per cent level



APPERIIX XXX

. Hydroeyanic acid content of tubers
(Analysis of varienca)

Souros | Sum of gouares Qof ?ariexgés Fexatio
" Mlock 829 . 2 44 1
Major treatment: ' | '
N 581.85 2 290,92 35464
P LS A 2 206.78 25.34°
NxP 19370 4 4842 - 595
Error (1) 130,59 - 16 8.6
Minor treatment 535 . 1 53 1
Tntoeraction 69417 - 8 . B.64 1
Erzor (2) 1231 . 18 - 9.57
Total 157521 - 53

% Significant at 1 per cent level



PLATE

PLAT!

]

T

A general view of the crop afier seven months

YH-d; =aro level of Nand P (nop@}
Yae
150 kge H/ha, with gero P (ngp,)






PLATE EIT |
C Meds -zoro lovel of ¥ and P (nOPO)
) VSe |
450 kge ¥ and 100k, Pzes/m, (n,p,)

PLATE IV
H-1055  zero lovel of N and P (nyp,)
Yoo
75 bge B and 50 kgo P0g nee (a,p,)






FLATE ¥ v
M=43 75 kge B 2nd 50 ks. %esfm. (n.izs?)
V3o
150 kgs ¥ and 100 kg Pgss/m. (n,p,)

PLATE VI |
B=1053 75 kge ¥ end 50 kg, ?zasfm _(n?p")
\ Voe

150 kge ¥ and 100 kg. Pzeg/mo. (nzpz),
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