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ti&&dm30uri&hEic&1» oixt' country race© today* Sepioca also contains? 
nearly 2*0 per emt proteins* 0*4 per ccsfc faeo and 2*1 for scat 
sinoraX satier* on a dzy basxo* fte it can ho sees thot the 
deep-rooted nisconceptios* branding tapioca as a r,poor-ssf5*B foodf! 
is basoleec* (?S*gQ©ia sad Appm 1966)

fapioca is a tropical ©sop vttieh thrives waSoa? a nsa 
huaid climate with a ssodorata rairfsll of aoout 150 ca« The 
gravelly latent© m d the red loss soils of Ferala arc ideally edited 
for this crop * These soils arc howevor9 generally deficient in 
nitrogen* available phosphoric acid and potash* choreas thr* nutrient 
rt-cmirctEcnte of too crop arc vory high*

Till recently very few studios have been conducted In 
India* on the agrGnoaie aspects of the cultivation of tapioca* In 
1S45* a Tapioca Research Station was started at Trivandrum* and the 
results of -fee raaaurlal triels corducted at the di&tion have scows 
the im  nan potentialities of raising the yield of tapioca nth 
balanced *T£ fcrtalisaxion. Cn the basis of a ffismurial-aasi-ô ŝxng 
trial on tapioca* conducted continuoucly for a period of five years* 
at the Tapioca Beoearch Stations* Trivandrum* fhiruvaHa and ®22v?&&am 

it ms concluded that an optiaa© £-33ur±al dose for tapioca tdH ho 
112 Kg of nitrogen and 135 to 180 Kg potaen por hcctoro, over a 
basal dose of 5-8 terns of the farm yard manure* r2ae reeporcc du~ to
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HE? JET OF TlgPPAfOFB

She nutrient requirements of tapioca* like all rabidly 
growing plants yielding esrefeetydraics* arc reported to b© very Mfjtu 
I*a,3helt (1935) a© quote# by Jacob and Ucxkull (i960) h w  shem the x 
nutrient removal of tapioca at iuitcnsorg ao followBt

mtrlcBt Jtaount gasmml
(in teg per hectare)

Hitrogen 124
Tfeospfeorie aoM 104
Potash 584
Calcium oxide 21?
ISagnsoitaa oxide 71

Sic quantity of I* P* K* Ca and !%* removed by a ©rep &£ 

tapioca yielding 42 tons of tubers per heemro* from a fertile slliaviaX 
QOUf at Madagascar ae reported by Jacob and tFexhull (1950} «0S 253*
23* 250* 42 and 29 Kg per hectare respectively* They have c3.cs reported 
■too amount of 1* P* X* Ca and %  rcsoml fro© a latent te ds& son* by a
crop of tapioca yielding 26 teas per hectare as 285* 36* 122* 56 and 12 Kg
per hectare respectively*

Results of manorial trials on tapioca in Ssrala cos duetod 
by « Potasehemo ** teve shorn than a yielding 20*000 Xb of row euber© 
per acre removes 54 lb of nitrogen* 45 lb of phosphoric acid and 230 lb 
of pot&eh per acre*
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organic immures* nitrogen and potash and two level© of phosphors have 
sbesm1 that the sota effect© of nitrogen* potash and the interactions 
%F%9 !S x P x E* S x B s Js &* wore significant during the gccsnd year Of 
the experiment* (ibionysoua 1962}* 1'he beneficial effect© of nitrogen

i©a pl^nt growth and the final yield of tubers have bees conclusively proved
I

ae a result of the Emxrial-ouffî spaeihg trials conducted for five years 
oosoeeutively in the fapioca Beee-arch Stations feivendru©* XMwwaHa 
and Oiluksra In Kerala State* 100 lbs of nitrogen per aore (112 bg per 
hectare) applies in the for® of Asronius sulphate was found to be the 
optimna does for tapioca (Anoflynoue 1963)*

I leeults of aMnuriol trials conducted recently at the Central

Tuber Crops Eceearch Institute* at Sredsarya® in Kerala State during the 
year 1966-196? ears also in agree®nt i«lth these findings* (&%os%?mmst 1967) 
Effect of nitrogen on the growth srnd. yield of certain other tabes; oyeoax

 ̂ In sweet potato* Johnson m& Ware (194S) observed that
on Decatur eoxle the increase in vine production was highly cdgsif leant 
for each additional inereasnt of nitrogen applied fron 0 to 120 lb per 
acre* ̂ %ero m e  a corresponding increase in lie yield of roots ©Is© for
each nitrogen Increment*i

! Xanarau and Sasuele (1951) found -feat 62 lb s&tsogen per

acre ups the optica® aose for raising the yield of sweet potato 
considerably* while 165 lb nitrogen per ©ere w e® found to be es excessive 
dose causing heavy vino growth leading to low yield of poor m silty tubers*



Eun^an (1957) reported that the optimum dose of nitrogen 
for ewce-t potato at Mronnuthy was §0 lb per sore and that further additions 
of sitregsn did n ot significantly increase Hi© yield of tubers*

leava and Cdannto (1959) found that nitrogen increased the 
growth of all plant parts m& promoted the formation end traaelocatlon 
of sugars and production of nitrogen compounds in eweet potato*

Increase in vins length, weight and number of shoot© in 
ewe©t potato with nitrogen application and early planting has bom 
reported by Purewalsnd Dargan (1959)*

Fu^ico and I’suno (1062) in Japan noted that the rsts of 
photosynthesis In sweet potato increased with increase in leaf nitrogen*

The results of manorial trials on sweet potato, conducted 
at Cois&ator© has recorded that the main effects of nitrogen and organic 
manures were highly ©ignif icsaat is raising the yield* 50 lb nitrogen 
per acre was found to be optimum (Anonymous 1962)*

Peterson and Speights (1964) obtained highly significant 
results in the total and first grade tubere of sweet potato as rotes 
of nitrogen were increased fro® 0 to 50 and from 50 to 100 lb per acre*

Rarasisfca Sao end Harasinga Sao (1954) ©toserWl Hast m  Hie 
lewd of nitrogen was increased from 0 to 50 and 100 lb per aero, only 
long ami slender tubers were obtained, in ewect potato*
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Chapman (1955) in hie experiments with Il'ich, potatoes 

has observed that nitrogen fertiliser increased the yield from 1?*S to 

£2*9 s®d 25.4 tons per hectare# mainly because the leaf iwea decreased 

at a slower rato* in plots receiving nitrogen than it d M  in plots without 

nitrogen*
Sinha at al. (lg66) has reported -tot Mtregcrntto fertilisation 

playe an important role in increasing tbs potato production* ©n& the 

fertiliser dose assy vary due to various edaphic factors* riosfoaa wisher 

of leave©* branches and maximum yield was obtained at 155 Kg nitrogen 

per hectaref which have synthesised more amount of x&©tosyntibat©*

Soaserfel&t and Knutson (1965) In Fouth east Idaho found 

in field and glass house trial® using Busaet Burbank potatoes* that 

excess nitrogen reduced tuber aitse and number of tuber set*

In ooloessia, Punewal and Dsrgen (1957) h o m  ehem that 

plant height* leaf area end yield of tubers wore increased significantly 

with the application of nitrogen in doses ranging from 50 to 100 lb  par 

acre, nitrogen was not found to have aî r effect m  the saasbcn of leaves 

famed at various stages of growth*

ttrttonf et a|« (1966) have obsorved that the y i c M  of 

coloeaela Can b© increased with increasing levels of nitrogen upto 224 

kg per hectare. But the economic optimum dose was fixed at 260 kg 

nitrogen par hectare in the form of Afaaonii® sulphate*
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etslphate per aero, applied 3 aontb© after pleating over a baesl dose 
of P end £ given at plsmttog*

m i e r  (1938)
has ©pined that to the absence of phosphorus, soot crop© like turnip©, 
and asngold© do not enlarge but rc&atu pem?acatly dwarfed*

Hack (19§©) Isas observed that af a w o t  crop 1© deficient 
in phosphorus, phosphorus fertill^itioa usually toereaBed the yield of 
roots m m  than that ©f -She above ground parte* Ho has stressed the role 
of P to attaining ssxteai leaf migiit at an early date for pbospkorae 
fertilise plant© mad thereby helping in carbohydrate transloeation to the 

otorsge tisete© for a tmch longer period to the ©as© of phosphorus 
fertilised plsate than to phosphorus deficient plants*

Gruner (lS63) has optoed that phosphate* a m  not only an
important fHsatltue&t of nuaarcus substance but play m essential part 
in ‘the process of tmnsforsatiCB of e hstajseca sad energy* High energy 
phosphates vcgulnt̂  the carbohydrate metabolism within tfca plant*

Phosphoric acid bm m  toport&et sham to the formation of sugar end atorch 
and to a large estaat dsterainea tho quality of starch to potatoes*

to tocrcsental phoepliat© nutrition experiments on tapioca, 
Boop and Ben (193?) observed that 74 %  per hectare ©f over a 
basal doe© of 74 Kg per hectare of nitrogen and 166 Kg per hectare of 
potash gave ■fho mxtoua yield* 'lalavolta «t al*(l93S) hey© ©tressed th e



l£»

importance of phosphorus in increasing the yield and starch content 

of tapioca tubers. They were of opinion that requirement of this 

element for the phosphorylation of the starch reserves necessary to 

carry on vegetative growth during the early stages of development probably 

accounts for this high phosphate requirement*

Chadha (1958) has reported that the mean response due to 

PgO^ on the yield of tapioca varied from 4 to 12$ for 40 lbs PgO,. per 

acre and from 3 to 25$ for 80 lb Pg0^ per acre.

The mean response of tapioca to phosphoric acid as reported 

by Potaseheme in 1961 varied from 0*28 to 0.64 tons for 40 lb PgO^ per acre

and from 0.23 to 1.27 tons for 80 lb Pg0j. per acre. The application of

phosphoric acid has given, significant response in the second and third 

season, but not in the first season, tbave by showing a cumulative effeet 

due to its application. The economic optimum dose of PgO^ for tapioca 

was estimated by Potaseheme, as 60 lb per acre* ,

The results of manorial trials conducted at the Tapioca 

Research Stations at Trivandrum, Thiruvalla and Ollukara in Kerala for 

over a number of years have shown that the response of tapioca to

phosphoric acid was erratic in nature• There was a fall in response beyond

60 lb PgOg per acre (Anonymous 1957, 1962).

Effect of phosphorus on other tuber crops: In sweet potato Morgan (1939)

haw observed that addition of Superphosphate gave significant increase



in tubor yield*

lao and )Ba© (1954) found that application of phosphates 
increased the aia© ©f tubes® considerably, in sweet potato*

lasadrau and Samuels (l954) end Pesi^ewal end itefgen (1959) 
found no response to phosphates on vine length, weight ©£ vines, number 
of shoots and yield of sweet potato, except on acid lateritio coils*

ta,1u et al.(l954) has reported that a reduction of 

phosphorus below 200 lb per acre, caused significant swdufftAni is yield 
of potatoes, at Ellgirio*

Hougland (i960) observed that sn abundent supply of available 

phosphorus was necessary for potato during the early phases of its 
developsrnt for optiaaaa growth end tuber formation*

Jaicinsshaal ot si. (1964) had shown that apg&lectlozi of 

phosphorus upt© 90 lb per sore did not ehsm any response on tho yield of 

potato.
In coloeasia, Purewal end Bargon (1957) hevo tm M  that 

application of phosphates had so effect on germination, height of plants, 

loaf area or number of leaves product* A general increase in yield 
however, was noticed*

lodnei (1958) ha® reported That there was m  reopens® to 

phosphates in '.'raising the yield of colccasia in frinidad*
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density of tubers.

She m m  response of tapioca to potash* m  reported by 

w fotsscbeae * in 1961* ■varied from 1.22 to 2.55 ton® for 80 lb potash 
per acre and from 1*48 to 5*13 tons for 160 lb potash per acre* 1he 
cecmoie epilousa level of potaofe for tapioca fixed by Eotaochcrae was 
16? lb per acre (188 1% per hectare)*

nutrient uptake studies of potash, conducted at T&yieca 
Research f tatien, frlvan&rua has revealed that mss&mm abeorftion of 
potash is after 3 to 4 ®oaths of planting and hence it was regarded a» 
the best period of applying potash to tapioca. A total ̂ usnwlty of 
110 lb Kg© per aero m e found to have been reneved by a crop of tapioca* 
(faamymrn$ 1954* 1 S 6 2 ) *

Hmurial trials conducted at the Tapioca Eeeoerdi Stations 
in Kerala have conclusively proved the beneficial effect of potash in 
increasing the yield and starch content of tapioca* 12Q»1$0 lbo &g0 
per acre (135 to 180 Kg per hectare) has been reeoEKcsMcd m  the opiiaasa 
dose for tapioca* (Anonysnous 1963)*
Pffeot of Potash on the -yield of other tuber crmm la eweot potato
Rao and Ka© (1954) hev® found that applicate® of potash produced 

*

sapiforn and spherical shaped tubers*
Buncos ot si (1958) have reported that incrc-aeia’g does® 

of potash upto 480 Xb/ncre ore beneficial in promoting the yioM of 
sweet potato. A larger percentego of cversised roots were noted at

/ 
* #■
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higher levels of potash.

Jaokcon end 5home (i960) have found that the uptake of 

potaeh fey meet potato too closely correlated with the growth of 

©daaeged roots» wore than. 300 lb© of potoeli per acre to® taken with a 
linear increase in yield*

fstsao and Pujiee (1965) have found that heavy potash 

application increased tuber weight* net aeeiE&Xation rate ana water 
content of tutors in sweet potato. Bsotosynthstic activity my fee 
promoted by the accelerated translocation of photoByrohabec tr©D the 

leaves to tuber©*

No (1965) found that potash had so affect on Hie yield of 
leaves and vines «hil© increasing the yield of tubers la sweet potato 

by 12-27^ nfeea potash at the rate of 120~180 Kg per hectare was (applied* 

Kates higher then this adversely affected Hie yield of tubers*

In potatoes* Johnson (1958) found £00 lb of potash per 
aero as the opttow dose* Ward (1959) found an Increase la  vegetative 

growth and the nuafcer end sirs© of tubers in potatoes with ieosftsaoSng 

doses of potash*
Cyunor (1963) has reported H a t  a Mgher proportion of 

larger tubers is produced as a result of potaoh application*

Nfeckay (1964) found 150 Kg of potash per aero os Hit optifsua 
dose fos potato*
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Hilgesd (190?)8 Savis a m  Brewer (194Q), Busan (1947) and 
froug (1948) olaltaed that liMsg increased The availability of phosphates.

Ihrlokulacdai (1955) has reported that lieing the acid 
coils of fanjansd in Hilgirle increased the availability and uptohe of 
phosphorus fey potato*

iferenbezg (1919) a© quoted fey Yoa& and Begote 0947} pointed 

out the antagonistic effeet between calcium and potaesiua in tho co&*

la cassava, Stephens (1956) hao reported that addition of 
lise with fertilises® ispeoved the yield of tubers, ceeaidensfely*

Coure et al (19615 have observed that the vroatssesb 
iaeludirg 2 tons per hector© of X i m  along with I, P, R Iia» givon the 

yield of cassava at rhrevi-sisffca*
Vffcct of CaloitEa on the yield of other tuber orogsi August: ehr at el *(1964) 
have reported that liming is ia^ortaat to successful potato psoduotioa 

in raoet hu&Ld regions*

Hugh Murphy ©t sl«(t965) found that lining inoroaces ttic 
supply of available potash for potential uso, by the potato plants*

&tateg investigations conducted for over *  period of 16 

year® at 12 different sites fey Bseteaa (1964) have ©hows that cm&mm. 
yield of turnips was obtained at a pH of 9*0*

Gas&rgQ (i960) found yield increase in carrot rsnging fro® 
16-99!/' over control due to the application of H e® in on acid soil
having a pH of 5.0, at ffc* rat® of 250 or SO© 3  of 4B% €09 per eq.sctr®.
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MATERIALS AND METHODS
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out was eospleted* Cattle manure at the rate of 6000 Kg per hectare* 

was applied uniformly in all the plots, nine daye after the application 

of lime. Both lime and cattle manure wore spread uniformly 
in iim plots and wore incorporated tot© the soil by light diggings*

She entire dose of superphosphate as per the treatment© wore 

also applied m  a basal doe© along with the cattle manure and Incorporated 

into the soil*

Sitregen and potash were applied as Ammonium sulphate and 

Muriate of potash respectively* is 2 split doses, fho first dose was given 

at the titas of first inter cultivation an 2nd September 1966, and the 

second dose was applied at the time of the next interoi>114,vatloa, done 

on ?th Ssvestber, 19 6 6. Ihe fertilisers were applied is basins farmed 

around the base of the plants end were covered properly*

(ill) Planting; Heating was done on 3rd July 1966* tapioca cutting© 

were pleated vertically at the centre of She maiade at the rat© of on® 
cutting per muni* (Jayaseelan* 1951* and Anonymous 1952}*

(ill) Cteneral condition of the crop; Pot watering was done on the fifth 

day after planting t© get th© cuttings sprouted uniformly* A sosMng 

rainss&s obtained on the seventh day after planting and cent por cent 
germination of cuttings were obtained* Sue sprouts were healthy* and 

vigorous^* Sprouts in excoss of two per plant were removed a wede after 

their emergence*

tt
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4
(i) Bmx&iruz teohnlotte for biometric etttdiees Four plants frss th© set 
plot standing In a diagonal lisa in the oano direction wsrc selected from 
aH the plots for etuSying the Mooetsical characters*



p

• 
* 

* 
•

I* li«M of

rK

&

a 
I 

f
 

|

fi*
9 0*



3/

germination wa© noted in all the plots*

(2 ) Height of plants? Height m s  measured fro® the base of the sproutc 
to 1he> tip of tho plant, correct to a centimetres at an intorval of 30 
days up to the 150th day after planting* She fosal height at tho Erls© of 
harvest also was recorded.

(3 ) tosaber of leaves per plantt 'Sae first observation sss tateem on tho 3 0th 
day after pi nfcing and the subsequent observations were taken at an interval 
of 30 days, vcpto the 150th day* She total number of leaves forraed per plant, 
till the time of harvest was noted by counting the tot*il number of leaf 
scars from, the base to the txp of m e  stems, on the day of harvest*

(4 ) Branching? Branching was observed in some of tho plots four months 
after pleating, though the 'variety used was reported to be a toll, growing 
and ncn-branching type. Observations on branching was recorded at an 
interval of 15 days till harvest*

(5 ) Samben of tubers per plants Was total number of 'm.tboro from cash of the 
four observation plants were counted and tho average was recorded as number 
of tubers per plant*
(6) Thaancr of uacrodvotlvo roots per plants Ihe total number of roots
*, hxeh were unrroductive, from each of the four observation plants was 
counted m & the average recorded*
7 * Average lorgth of tubers length of 4 average eised tubers talcon at 
random was usacure , correct to a centimetre and til© average recorded*
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14* Starch content* She percentage of starch contained in tho oven 
dried satpploe from individual plots were estimated fey the A»0*A*G* 
method (1956).

i



RESULTS
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fable II 
Percentage of plants branched

fo *1 K2 Vossa

PG 59.00 62*00 66.33 62.44

*1 59.45 62.55 61.67 61.22

P2 71.00 66.33 77.22 71.52
E0 67.11 65.33 70.44 67.63

60*44 67.11 72.00 66.52

K2 61.69 58.44 62.78 61,04

Cao 67.44 43.33 67.22 5 9 ^ 3
Ca^ 53.11 73.55 70*33 65.66
Oa, 68,89 74.00 67.67 70*18

Fean 63,15 63.63 68.41

P0 P1 ?2 Hess

Eo 64.6? 64,11 74.11 67*63

*1 63,67 67.67 68.22 66.52
Kg 59,00 51.89 72.22 61,04
Ca0 58.78 58,33 60.89 59*33

Ca1 59.67 63.44 75.89 65,66

Cs2 68.88 61,89 79.78 70.18

Teen 62*44 61.22 71.52

K0 E1 &2 Efcao

% 66.44 57.11 52.44 59.33
Oa^ 61.78 70.11 65.11 65,66

0a2 72.67 72.33 65.55 70,18

lean 67.63 66.52 61.04

G*B. (5/2) for cosparison botween marginal iseane » 8.63 
99 99 Gomhtm.tlom «14»95



43

effects of nutriems or their interactions, excepting the out 
already mentioned ie found significant*

It is evident from Table II, that incremental doeas of 
nitrogen are increasing the .percentage of plants branched per plot, 
but; the rate of increase is sot statistically significant* fee 
highest level of phosphorus (pg) has significantly Increased branching, 
over the pQ end levels*

Application of potash is Showing a depressing effect on 
branching in tapioca,- as the levels are Increased* However, the effect 
is act found statistically significant*

The highest level of calcium (Cag) cignificantly increased 
branching when compared to fe© treatments receiving no calcium (Cŝ )* 
However, fee differences between C§^ and , and «Hj and Csg are not 
statistically significant*

It is also evident from the above table feat fee combined 
effect of nitrogen and calcium on branching in tapioca is showing a 
significant positive trend. Sinieuas percentage of branching per plot 
is noticed under fee? coabimtion it, Ca^ ©ad maximum as n, Cag., m  oag 
fee B x C a  combinations*

Ooncidcrxng all fee effects of combinations, a nanism 
percentage of branching vizj 79*70 par cent is noticed under fee 
Treatment pg Gag •

>
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Sabi® 111 
lumber of leaves per plant

% *2 Mean

?0 315*6 303*5 344.6 321.2

*1 318.2 315.2 300.8 311.4
P2 314.0 345.0 325*8 328.3
E0 323.2 330.9 330.9 328.3

E1 316.1 312*5 326.0 318.2

*2 314*0 320.3 314.4 314,4
% 315*5 525.0 302.6 314.6

Ca1 315.3 332,9 334.3 327.5
Sa2 316.9 305.1 334.3 318.8

Mean 315.9 321.2 323.7

po P1 ? 2 Mean

Ko 302.6 327.8 354.6 328,3

K1 326.0 301.3 327.3 318,2

*2 335.0 305.1 302.9 314.4

CsD 31S.4 316.3 309.2 314.6
Ca1 300.5 320.7 353.3 327.5
ca2 336.8 297.3 322.3 318,0

Mean 521.2 311.4 328.3

% K1 K2 lHatm

502.4 3 2 0 .2 321.2 314*6
oa, 341.6 320.9 3 2 0 . 1 327.5
ca, 341.0 313.5 3 0 1 . 8 3 1 0 . 8

Mean 328.3 318.2 314.4

C.B. (5$) for comparison between marginal means « 35*08
eombxnations »  60*74
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4ii* Humber of leaves per plant* She analysis of variance for th® 
total amber ©f leaves produced per plant* ss inflvcaeed by lie 
factorial co8S>teat4on of different levels of nutrients, Is presented 
in Appendix 111# Fono of the treatments feed any eigslfiosnl effect 

m  “toe total number of loaves produced per plant*

However, it Is evident from fable 111, that increased levels 
of mtrogen show an increasing triand in the total number of leaves 
produced per plant* Bat, in the case of potash the effect v m  ̂ «ct 

the reverse*

iv* Vei#ht of vegotativo parts? It io evident from Appendix I? and 
and fable If, that only nitrogen and potash have significant effect 
in increasing the weight of vegetative parte*

Hie higher levels of nitrogen (ẑ  m & Sg) significantly 
increased the weight of vegetative parts over the n^ level, tat taore 
is no Significant difference be tween and «g* If is ales eoua that 
the highest level of potash (kg) is found to be significantly superior 
over the lowest level of potarh (&0) but the difference in response 
betweua k^ and k^, and k̂  and kg are not significant*

Evenfhougb non© of the interactions are found eigalfieeat 
the coshinatioa of &| kg recorded tins Esxleuis mean weight of 2*4?2 
kg per plant, v&llo pg oenfeiaation recorded the jsiniiaum mean weight 
©f 1*500 kg per plant*
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3. Yield Qoreooncmta and, final gield of tubers in
tstdocat

yield of tubes?%1* Yield of tubersa She amlysls of variance for fee 

as influences by fee various combinations of different; level© of 

nutrients is furnished in Appendix V*

It is soon feat fee effect of nitrogen* phosphorus* potedi* 

calcium and fee ©ossbaned effect of nitrogen and potash are significaszt 

in ineroaooisg fee yield of tubers in tapioca.

Ssble V summarises fee lasoa yield of tabor® 

by the various treatment eoa&isaticns.

Application of fct^jor levels of nitrogen (n, 

significantly insreaeed fee yield of tubers* over fee

fee lowest jLovex of nitrogen (a^) while taore xo no eignifiesat

as influenced

and ag ) 

application ©f

difference between the M ^ a e r  levels tried. Similar 

noticed in fee ease of phosphorus ana eelelusa.

In fee ease of potash* fee highest level 

significantly increased the yield of tubers over fe@ 1 

(fĉ ), ©bile there is no significant difference be'

ana and k?.

.r-Bde aro clso

M s  

owast level 

Ijg onak,

cmd C&2) sic©Application of higher levels of calcium (Oa^ 

has cipiifieantly increased th© yield over fecir control (Ca^). 

however* ..he axfforenco in r@spoi.se between toe higher level© Id no* 

signifiG«£3st*

mailto:r@spoi.se
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Among the coz&lncd effects, only tbo interaction of 
nitrogen and potash lo found to h m e significantly increased 1&« 
yield* Between kQ, and jâ  kg there ie no significant 
difference* The combined effects of kj and kg are fount to
be superior over n^ k^, but there is no significant difference 
between ̂  k^ and n^ kg* She cosMnod ©ffeet of l£g Is sigaUlcoitly 
superior over Eg k^ and Hg k^ , but there is no aigtsif leant differcnc© 
between ng kQ sad »g k^ •

Within the various levels of nitrogen and potash, the 
combination ng kg gave the nsxism yield of 36*67 tonnes per hooter©, 
while e0 k^ gave the lowest moan yield of 30*13 tomes of tubers 
per boo tore*

A tuBzzm m moan yield of 38.02 tonnes of tubers per hectare
is recorded by t&o combined application of n g pg and th© salaism sscsn 
yield of 29*53 tonnes per hectare is recorded by Hi© coa&inatles 
P0 % .
11. Putsbor of tabors ©or plantt Apoendiat f 1 presents Hi© analysis 
of varaeneo for tbo number of tuber per ©bant, different lovols of 
nitrogen and calcium alone are found to be significant in iserossis® 
the number of tuber® per plant*

“Table YI suanarises tb<- raaan effect of factorial oocbiEattcms 
of Hie different levels of nutrients on the number of tubers per 
plant*

It ie evident that the number of tubers per plant is 
increasing significantly with increasing dose© of nitrogen and calcium*



Sable VI
Suraber of tubers per plant

go

i

i
I 

ii

l 
feV_|i Horn

po 8.92 9.94 11.33 10.06
8.69 11.69 11*42 11.08

»* 9,08 11.53 12.75 11.12
9*56 9*61 10.30 9*02

s 8.47 18.25 12.52 11.08
8.67 11.50 12.67 10.94

eBo 8.44 10.33 10.58 9 *7 9

B at 9.39 11.28 12.56 11.07
0a2 6.86 11.75 12.36 10*99

yk>m 8 .9 0 11.12 11.83

PQ P1

P.

I 
I

i

teen

Ko 9.42 10.33 9.72 9.82
10.17 10.94 12.14 11.08
10.61 10.72 11.50 10.94

Ca0 9.08 10.28 10.00 9*79
C&. 10.53 10.94 11.75 11.07
ca2 10.58 10.78 11.61 10*99
Moan 10.06 10.67 11.12

*b K1 I ! [ w po ! ifesn

Cso 9.06 10.33 9.97 9.79
Ca^ 10.36 11.42 11.44 11.07
Ca2 10.06 11.50 11.42 10.99
Mean 9.82 11.08 10.94

C.B. (5$) for comparison between isarginaX m eans » 1.06
99 99 combinations e 1.83
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2a the case of phosphorus there Is no ©ignifloent difference 
between pQ end p^, and and pg* while the highest level of
phosphorus Cp2) increased the number of tubers significantly over 
the lowest level (pQ) tried*

Bvce though there is no significant difference between 
the higher levels of potash, it is found that these two levels 
significantly increased the number of tubers per plant over the 
lowest level of potash (b̂ }»

Of all the combinations tried, recorded the minliaaa
neen number of tubers per plant (8*47), *&ile a s m m o a  of 12*75 
tubers per plant is recorded by the cooblmticn ng pg *

111. BUafoer of unproductive roots per plant * Qhe analysis of variance 
for ibs seam number of unproductive roots per plant Is given in 
Appendix VII* It is evident that son© of fee i Irect effect of 
nutrients ©r their interactions is having any significant effect on 
the aacn muaLer of unproductive rests produced per plant*

It is seen from tables VII that the higher levels of 
nitrogen are having a depressing effect on the number of unproductive 
roots, oven though its effect is statistically not significant.
Levels of calcium did not exert any significant difference on the 
number of unproductive roots per plant*

The combined effect of ng pg produced a s&nliaaa of 7*56 
unproductive roots per plant, while tho mxiisusn number of 9*92 such
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fable VII 

Busker of Ifaproduotive roots por plant

Hq S1 H2 Moon

po 8,92 8.08 8.39 8*46
p1 8.69 9.25 8.39 8.94
p* 8. §3 7.92 7.36 7.95
Ko 8*83 8.19 8.25 8.43
K1 8.11 7.45 8.36 7.97
K? 9*25 9.61 8.03 8.96
% 9*17 7.75 8.39 8.43
Csu 9.14 8.36 7.89 8.46

7.89 9.14 8*36 8*46
Mean 8.73 8.42 8.21

P0 P1 P2 SSbaa

% 8.28 9.39 7.61 0.43
* 1

8.00 7.53 8.39 7.97
** 9.11 9.92 7.66 8*96

8.05 9.53 7.72 8.A3
Ca^ 8.39 8.97 8.03 8*46
Cag 8.95 8.33 8*11 8*46

Maaa @•46 8.94 7.95

*0 K1 *8 Meant

Cso ©.45 8.33 8.53 8.43
Oa, 8.11 8.00 9*28 8.46
Ca2 8.72 7.58 9.08 8*46

Ween 8*43 7.97 8.96
C.B# (5$>) for conparison between margins! means « 1*31

** »» combinations * 2.27

1
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gable Y 1 U  

Moan length of tabors (in era)

*0 51 CVI
S3 Mean

*0 52*6? 54.22 54.11 53*66
55.11 52.11 53*67 53.63

ps 55.23 55.55 55.33 55.37
*0 52.78 53*67 54.11 53.52
K1 54.44 54.44 53.69 54.26
K2 55.78 53*78 55.11 54*89
Cao 53.12 54.89 55.11 54.37
Ca- 54.33 53*11 53.69 53.78
0s2 55.55 53.89 54.11 54.52
Moan 54.33 53.96 54.37

i
j 1° [ ! > 1 *1 ^2 r&ca

K_0 5 3 .2 2 53.11 54.22 53.52
*. 5 3 .3 3 53*00 56.44 54*26
K2 5 4 .4 4 54.78 55.44 54.89
Ca0 5 3 .4 4 51.89 57.78 54.37
Ca^ 5 3 .4 4 53.78 54.11 53*78
0a2 5 4 .1 1 55.22 54*22 54.52
Mean 5 3 .6 6 53.63 55*37

Ko K1 K2 Mean

Ca0 53.67 54.55 54.89 54.37
Oa^ 52.22 54.00 55.11 53.78
Cag 54.67 54.22 54.67 54*52
Moan 53.52 54.26 54.89

C*B* (3% ) for comparison between marginal means a 2*49
»> »» combinations = 4.30
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gable H 
®san girth of tubers ( in cm )

M0 H1 S 2
Moan

* 0 19 * 0 0 19.67 20.89 19.85

P 1
2 0 .2 2 19*78 22.67 20.89

P 2 1 Q .6 6 20*89 21.78 20*44

F0 10.33 19.67 20.33 19.44

K1 19.6? 20.78 21.89 20.78

* 2
19*89 19*89 23.11 20.96

Cao 19.11 18.78 2 0 .0 0 19*29
G&j 19.44 21.44 22.55 21.15

0 a 2 19.33 2 0 . 1 2 22.78 20.74

Mean 19.29 2 0 . 1 1 20.78

* 0 P 2
loan

* 0 18.35 20.67 19.11 19*44

K1 20.33 2 0 .5 6 21.44 20.78

K2
2 0 .6 7 21.44 2 0 .7 8 2 0 .9 6

Ca0 18.F9 2 0 . 1 1 18.89 19.21

Ca1 2 0 . 1 1 21.78 21.55 21.15
Cag 20.55 2 0 .7 8 20.89 20.74

Mean 19.85 20.69 20.44

K0 *1 K 2
Mean

Ceo 18.55 18.78 20.55 19*29
Ca,j 19.89 21.78 21.78 21.15

C a2 19.89 21.78 20.55 20*74

Moan 19.44 20.78 20 *9 6

C.D.(5^) for comparison between marginal moons » 0.91
99 »» 99 combinations * 1*57



Application of higher level* of potash (fcj end kg) ol«x>
*«ave oignificantly increased the m m  girth of tubers* over the 
zsLnimum level of potash (l^) applied, but the difference in response 

between the higher levels* k| end kg axe aot statistically significant*

A wore or less similar trend is noticed with Hie application 
of different levels of calcium* ovor the sero level tried (0aQ)*

The highest level (Ca^) had a depressing effect on the mean girth 
of tubers though not significant* However, the difference between 
the higher levels (Ca, and 0ag) are not found to be significant*

though the effect of pbosphoxus application on the m m  

girth of tubers is net statistically significant* the middle dose 
of phosphorus application tends to increase the mean girth of tubers*

Among the various coabinations a Bdnimaa girth of 
tubers (18*33 cm) is recorded by the treatment combination nQ 

and a cminsuza girth of 23*11 cm is recorded by fcg*

Correlation studies* Correlations worked out between the various 

biometric cad yield characters of the pXeat*%ith the final yield 
of tubes® hm e  shorn the following results#
a) Co^lation b&twsen walght of veget&tive jsartg. and .yiold of ̂ uMggi 
A highly significant correlation ( r *» 0*5023 ) is obtained between 
these two characters* indicating the positive relationship between them*

5d

s M  hj* and and fig In influencing the mean girth of tubers*



57
fable X

Percentage of edible portion of tubers after removing i&e rind.

Ho Efern

*0 85.55 84.44 83.78 84.59

*1 85*00 85.33 84.17 84.83

*2 85.22 85.05 84.22 64.83

K0 84.78 84.44 83.28 84.16

1, 85.55 85.00 84*05 04.87
K P 85*44 85.38 64.84 85.22

Ca0 85*22 84.72 83.78 84.57
0^1 85.33 85*05 84.11 84.93
te8 85.22 85*05 64.28 84*85

Mean 85.26 84.94 84.06

*0 *8

*0 8^.05 ©3.94 84.50 04.16

K1 84.67 85.06 84.89 04.87

^2 85.05 85.50 85.11 85.22
Ca0 8A . 3 9 84,61 84,72 04,57

Ca1 84.78 84.78 84.94 64.83

0a2 84.60 85.11 64.84 84.83

Mean 84.59 84.83 84.83

®b E 1 S 2 LfoOl

Ga
0 84.11 84.72 84.89 84.57

Ca« 84.22 85.00 65.28 84.85
84.17 84*89 85.50 84.85

Mean 84.16 84.87 85.22

C«D.(5$) for comparison bot&een marginal moans «= 0.44
* 9 19 99 oombinatioa© e 0.73



(to) Correlation between helidit of  plants and yield of tuberat 
The correlation coefficient ( r * 0*1006) obtained in this case 
is found to be not significant*
(c) Correlation between total nuiriber of leaves produoed per plant 

and yield of tubers a 2he correlation coefficient ( r w 0*0168)

obtained between thee© two characters also was found to be sot 
significant.
(d) Correlation between percentage of Plante branched per plot and 

yield of tuborea A significant positive correlation of
r m 0*266 is obtained between these two characters*
{©) Correlation between asaafeer of tubers and yield: A highly
significant correlation (r ■ 0*711) is obtained, showing the
positive relationship between these m e characters*

C. Qualtty«

i« Percentage of edible portion of tubers* after reasoviaa the rirffi 
2ho analysis of variance is presented in appendix, 1 mid the necsa 
percentage by weight o ’ edible portion of tubers, at influenced by the 
various treatment combinations is furnished in fable 1*

It ie evident that nitrogen and potash alone exert 
significant influence on the percentage of edible portion of tubers 
in tapioca*

fable 1 shows that there is a significant reduction in the 
percentage of edible portion, due to incremental doses of nitrogen

58
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P©r-cc,ntag© of dry matter te tuber© 

(on OTe&Wlsy basis)

gable II

S0 S2 ffcosa

*0 35.34 33.82 34.00 33.72
r1 33*33 34*67 35.05 34.3?
*2 33.53 35.17 35.00 34-57
go 32.7S 32.61 33.17 32.85
s 33.50 35.50 35.50 34.83
k2 3A.00 35.55 35.39 34.98
% 33.33 34.11 34.05 33.83
Ca, 33.28 34.67 35.00 34.320a2 33.67 34.88 35.00 34.52

^ j<gqM3wgg^e^EgB^v»a^aMgge'tw3Ksaagttec»«B3g»«c«g^aeifc^ai>o=.m«a<aBtt»a
Ebaa 33.43 34.55 34. b&

*0 ?1 iSass

Ko 32.78 32.72 33.05 32.83
34.22 34.89 35.39 34*83
34.17 35*50 35.29 34.90

0eb 33.39 33.78 34.33 33*83
°=1 33.89 34.44 34.61 34.32
0a2 33.89 34.89 34.78 34.52

Mean 3^.72 34.37 34.57

S0 *1 E2 1fem

% 32.55 34.33 34.61 33*83
Cat 32.78 35*05 35.11 34.320a2 33.22 35*11 35.22 3* *52
??es® 32.85 34.63 34.98

CoS. ( 5%) for comparison between marginal s^sas ~ 0.47
*9 99 combinations » 0.02



aare *«jxtag.aoo tm^ss Aif JQ »9s}.uoaaad. &v& 9tx%masov£% tsj
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table XII

Percentage of etareb eonieent of tubers ( on ovm d«3r baai0)

K0 ¥ t S 2 1fcan

?0 76.46 77.99 79.09 77*83

P1 77.97 79.94 79.96 79*20
78.07 80.0? 80.04 79*39
76.38 77.26 77*95 77.20

K1 77.85 80.15 80,46 79.49

K2 78.27 80.59 80.68 79*85

Cao 77.36 78*89 79.4? 78.56

fla1 77.38 79*46 79.75 78.86

0&2 77.77 79.65 79.93 79.12

Uowt 77.50 79.35 60.81

*0 P1 P 2 TfeaJa

E0 76.18 77.66 77.76 77.20

*1 78.47 73.94 80.04 79*43

K 2 78.89 80.27 80.38 73.85

Cao 77.86 78.88 78.91 76*56
Ca, 77.49 79.45 79.64 78.86
OSg 78.08 79.52 73*63 79*12

Mean 77.83 79.28 79-39

*0 *1 1*2 Hcon

Cao 77.36 78.99 79.32 70.56
Ca1 76.78 79*63 80,18 78*66
Ca2 77.46 79.84 80.05 79*12

Kx-na 77.20 79.49 79.85

G.D. (at 5^) for comparison between marginal means » 0*444 
• * mt combinations « 0*763
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111# Starch content of tuberss Appendix H I  presents the analysis 

of variance for the percentage of starch content in 'fee edible 

portion of tubers in tapioca*

She individual effects of different levels of nitrogen* 

phosphorus and potash alone are found to have significant effect 

in increasing tit© starch content* She second and third degree 

interactions failed to show any significant effect*

fable XII sussarieee the scan percentage of starch content 

In tubers* as Influenced by the various treatments*

It is evident from the above table that each incremental 

level of nitrogen* significantly Increased the starch content of tuber© 

over the next lower level* the difference in response produced by all 

the three levels being statistically significant*

In the case of phosphorus application* the p^ and p£ level© 
significantly Increased the starch content of tubers* over the p^ 

level* However* the difference in response between and pg level® 

is not significant*

A dollar trend Is also noticed in the ease of application 

of higher doses of potash*

She highest level of calcium (CSg) also io found to 

increase the percentage of starch content in tubers over the lowest 

level of calcium (câ ), even though the effect of calcium is not found 

to be eignlficant.
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Percentage of erode protein content of tubers 
( on oven dry basis)

gable XIII

S2 M c a s

so 1*92 2.27 2.26 2 . 1 5

r1 1*92 2.30 2.38 2.19
F2 1*94 2.36 2.43 2,24
K0 1.97 2*31 2.39 2.22
E1 1.95 2.35 2.41 2.24
KS 1.86 2.27 2.26 2.13
0ao 1.93 2.26 2.31 2,17
Ca^ 1.89 2.31 2.99 2,20

0 
j 1.96 2.36 2.37 2 .2 3

Moan 1.93 2.31 2.36

P2 E s a a

20 2.1S 2.21 2.29 2.22
K1 2.25 2.22 2.25 2.24
l g 2.03 2.17 2.19 2*13
0ao 2.11 2.16 2.23 2.1?
0a1 2.17 2.19 2.22 2.20
0a2 2*18 2.21 2.28 2 .2 3

M e a n 2.15 2.19 2 .2 4

Ko E1 S2 Mean

C a 0 2.17 2.19 2.14 2.17
Ca^ 2.24 2.20 2.|5 2*20
Ca2 2.26 2.33 2.11 2 .2 3

J & o s 2.22 2.24 2.13

0 *3)0 (5$) for cos.pari.sor between marginal means e  0*059
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gable ZIY
Economies of application of different levels of B, P, K 4 Ca for tapioca

levels of nutrients 
in kg per hectare

II Phosphorus
0 Kg^ectare* 
50 Kg/Heetare. 
100 Kg/Sectare* 
105 Eg/Hectare.

Ill Potash
100 Kg/leetare. 
150 Kg/feectase. 
200 Kg/Hoe tare* 
240 Kg/ileetare.

IV Calcium
0 Kg/Hectare. 

600 Kg/Hectare. 
900 Eg/̂ ectare* 1200 Kg/&ectore«

Yield of 
tubers in 
tomes per 
hectare*

Value of
produce

Increase or 
decrease over 
the lowest 
level

Cost of 
fertilizer*

Extra coat 
of fertili
zer over 
that of the 
lowest

Profit due 
to fertilizer 
application 
over fefao 
lowest level

A Es» P 8. &» Ps R& Ps. level. fia» Ps

Nitrogen 
50 Kg/feeetare 3 0 *9 9 6 ,1 9 8 00 ** * • • 101 00 ** **
100 Eg/Hectere* 34.32 6,864 00 666 00 202 00 101 00 565 00
130 Kg/aeetare. 35.30 7,060 00 862 00 262 00 161 60 m £0 *
150 Eg/Hectare. 35.50 7 ,1 0 0 00 904 00 303 00 202 00 7 0 0 00

31*83 6,366 00 • • «• • « • » * * t4 • * **
33.94 6,?as 00 422 00 103 00 103 00 319 00
35.05 7,010 00 644 00 206 00 206 GO 438 00 *
35.11 7,022 00 656 00 216 30, 216 30 439 70

32*64 6,528 00 *» • • 70 00 • « • • • *
33.72 6,744 00 216 00 105 00 35 00 m 00
34.46 6,892 00 364 00 140 00 70 00 894 00 *
34*91 6,982 00 454 00 168 00 98 00 s & a

31.43 6,286 00 • ♦ • • • • ♦ « • « *• ♦# • #
3A.52 6,864 00 578 00 120 00 120 00 458 00 *
34,96 6,992 CO 706 00 180 00 1SG 00 s s * 00
35.07 7,014 oo 728 00 240 00 240 00 488 00

Cost of 1 Kg nitrogen a Rs.2.02 
,, ,, phosphorus =̂ s.2.C6
99 »*
*» 9 9

Potash
Calcium

« Ra»0*?0 
« Rs.0.20

Price of 1 bonne of tapioca tubers «* 200/-
* Econosde doso of nutrients*

at
a t



67

it

sA tw gen s M  * .  tegheet of potash kg).

Response curves and Economies of canurinsi fhe yield dose relationships 
ob tained as a result of the present investigation arc presented is
Pig. I A to B* Quadratic response curves were fitted -to the data* for
®31 the four plant nutrients and are given bslows 
Bitrogem \

y = 34.322 4 2.258 ( I - 100 ) - 1.072 ( K - 1Q0 )̂ 2
50 V. 50 7

Phosphorus*
y ® 33.936 4 1.608 (P-gQ ) « 0.493 (

50
Potash*
* y « 33*722 + 0.914 ( 1 *» 150 ) - 0.171 ( K ~ 150 )

50 50
Calcium*

y w 34*322 4 1.815 ( Oa - 600 ) - 1*072 tea - 600 )2
600 600

Sfa© average expected yields at different levels of 
nitrogen* phosphorus* potash and calcium wore calculated and the 
econoMcs of manuring is worked out and presented in fsbl© XI7.

The optimum as well as economic doses of these 
nutrients for tapioca obtained as a result of 1&© pro sent 
Investigation ore given bolow*
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Miriest® Ostima dose
(la %  per 
heetare*)

|£2£!gS&L^&*(la Kg per 
hectare* )

bitrcgea 152*65 132*70
fhoephoru® 151*50 105.55
fotasb 253*35 236.43
Gelcim 1,108*20 898*04
It Is evident iron fable XH?t i&at acasg the nutrient®

tried, sit»gess Me given the ®ad.ma profit, followed by esdeitm, 

phcopboruc and potash*
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ii* Bganohttag in plants* though it is eeon from th© analysis o i 

variance (Appos5± s 1 1 ) that none of the direct effects of nitrogen, 
phosphorus, potash, and cnlenag significant, the seas value©
(Table 21) show that -fee highest levels of phosphorus and edc5us» 
significantly increased branching, ©vor their corresponding loros? 
levels.

Graded doses of nitrogen showed a trend in Imrea&ing the 
ffioon percentage of plants branched ia a graded asaner, thou^j the 
increase m &  m t  ©t&tlBtieally siĝ iifiesnt, while in the m  &£ 

potaeh the function was ©f e depressing nature*
£h© combined effect of nitrogen and calcium bad a stgoitiejaat 

positive effect on the percentage of plants branched, thereby 
emphasising the role of calcium in nitrogen metabolism, and the seeds 

of these two element® for the continued growth of apical sacrlstcns, 

so suggested by J&yer and Anderson (1956)*

The positive iafluenco of nitrogen and calcium is e©ntribu<?!lxg 
to Increased branching has resulted in  a general reduction of pleat 
height.
til* HUaher of leaves* T b its factor has set been positively influenced
by any of the treatments* However, in the ease of nitrogen, as the 
levels are increased, an Increasing trend is noticed in the total 
msfficr of leaves produced per plant. A trend is reduction of the? total

4
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number of leaves produced por plant was noted with the application of 
incremental doeos of potash ('Sable 111)*

Similar observations were recorded earlier by lEtfesttgatGr© 2Skc 
fwrcml and Bargen (1957)* for nitrogen and phosphorus* and by 
So (1965) for potash* is the case ai other tuber crops*

iv* Wjsliiit̂ o.g vegetative certs* For the highest levels of si*& ogcn 

soel potguh significant increases wap© recorded for the factor unior 

discussion (Cable If)* ;Sie function of aitrogua in contributing t® 

enhanced vegotsttv© growth in plants is an established fact m  

reported by EwscelX (1946) Johnson and Were (194B)* Burial ead 

Sargon (1959)* Suoksssq and Brady (1960) end BossssrfoMt ana Kmteen (196&) 

is other crop plants* ^ i o  observation is also in agreement oitts, tbo 

findings of Mal&volta ct si. (1955) in tapioca.

Idkewis©* the role of potash in controlling tho over till 
metabolic activities of the plants is also an Important function as 
repartee fey Puesel (1946)* Bleak (l957) m l  Jacob and ttesks&l (i960)

& maximum m e w  weight of vegetative parts of £.185 £g per 
plant has bees recorded on plots receiving 150 Ig of nitrogen per 
hectare* She corresponding vain© for the application of 200 Eg per 
hectare of potash stood at 2*166 %  por plant*

fho’̂gh the coabired effect of nitrogen and potoeh has sb 
significant affect* it la noted that among all -toe eambieatiem ©f 
nutrients tried* application of 100 Eg o f nitrogen and £00 Iq potath



Fiavm z* a .
Bar Diagram showing the man height 
of plants, as influenced by the various 
levels of plant nutrients*

°0 & 50 Kg B/Hectare*
SS 100 Kg 33/Hectare*

a2 ss 150 Kg E/Hectare*
po SS 0 Kg PgO^/Hectare.
*1 SS 50 Kg PgÔ /iiectare
P2 SS 100 Kg PgO^/Seetare
kQ SS 100 Kg KgO/Hectare.
k1 SS 150 Kg KgO/fcectare.
k 2

SS 200 Kg KgO/Hectara»
Cao SS 0 Kg CaO/Hectare.
Câj SS 600 Kg CaO/Secvare*
Ca2 & 1200 Kg CaO/Hectare

PIGUEB. I. B.
Bar Diagram showing the mean number of tubers per plant 
as influenced by the various levels 
of plant nutrients*

“o « 50 Kg E/Bectare.
ni as 100 Kg B/Hectare*
n2 SS 150 Kg B/Hectare*
po » 0 Kg PgO^/Hectare
P1 SS 50 Kg PgOg/Etectare
p2 SS 100 Kg PgO ̂/Hectare
*0 SS 100 Kg KgO/Hoetare.

k1 SS 150 Kg KgO/Heotare*
= 200 Kg KgO/Heetare.

H SS 0 Kg CaO/^ectare*
Ca1 SS 600 Kg Cad/Hectare*
ca2 SS 1200 Kg CaO/Hectare.
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Feyer and Imdsrson (1956) have fotsnd that the role of 
phosphorus m& nItrogen is plant metabolism is Intem-related is &
su^er of woyo* frobably Usie might he &e reason for getting tb© 
Bsaaliaia mean number of tubers per plant from plot® receiving 150 fg 
of nitrogen casd 100 Fg phospboruo per hectare*

ii» fftnsibsr of tagersductlve rootai It to seen from fable VII t&at the 
different levels of mineral nutrients applied to tapioca in the present 
investigation, failed to manifest any significant difference in the eon 
nuEtoer of ursroductive roots per plant* However* incremental doeeo of 
nitrogen fas& a depressing effect on i&e mean sujsbsr of unproductive 
roots, thereby increasing the wffibor of tubers per plant* In this ©as© 
also, application of 150 Kg of nitrogen and 100 Eg phosphorus per 
hectare recorded tho minimum number of unproductive roots, &.mog all 
other combinations tried, tiserehy omphaoielrg tfeo role of c©cMned 
appliescion of nitrogen and phosphorus for enhancing tuber tosEa&um 
In tapioca*

S-ialavolta j£t sg.. (1955) an their studio© ©n the physiological 
basis for the nutrition of tapioca, ale© have reported similar results* 
ill* length of tubcra* Si© mean length of tubers tinder the different 
treatments arc not found to be significantly influenced by m g  of the 
nutrients applied singly or in combination, as evident from Sable VIII* 
However, a olight increase in the m m . length of tuber© In noted rith 
incremental doses of all the four nutrients*
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In sweet potato E&o and Bao (1954) have noticed the 

production of long and slender tubers with increasing doses of 

nitrogen. Ehesi (l964) has reported similar results in the case of 

carrots. Bao and Eao (1954), Gruner (1963) and Ehesi and Padda (1964) 

have also noticed the effects of nitrogen, phosphorus and potash 

application in the enlargement of tubers in sweet potato and potato 

respectively*

iv. Girth of tubers; Among the four different nutrients tried, nitrogen, 

potash and calcium have significantly increased the menn girth of 

tubers (Table IX). Application of 150 Kg of nitrogen and 200 Kg of 

potash per hectare has recorded the maximum mean girth of 23*11 cm, 

as compared to a mean girth of 18.33 cm recorded, when only 50 Kg of 

nitrogen and 100 Kg potash per hectare were applied.

Although the individual effect of phosphorus is not 

statistically significant, application of 50 Kg of phosphorus per 

hectare has resulted in a significant increase in mean girth of tubers, 

over the plants receiving no phosphorus.

The general effeete of mineral nutrients on the mean girth of 

tubers in tapioca as observed under "Hie presort investigation is in 

overall agreement with the findings of Jflller (l938) on turnips,

Singh (1952) Gruner (1963) and Ehesi and Padda (19 6 4 ) in potatoes,

Rao and Ea© (1954) in sweet potato and Haesi (19 6 4 ) in the case of | 

carrots.
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pfcosphatic fertilisers has been noticed la all these trials 
(AnonyssDus, 1957, 1962). tfcnurlnl experiments conducted In 
cultivator’s field by * fotsschemo 1 have also revealed the 
significant offset of phosphatic fertilisation daring the second end 
third seasons# thereby shewing a euaulative effect of its application 
(Anonymous, 1961). Bocent ezpo'd.jeente conducted at the Central 
Subor Crops Beseareh Ins feltute at Sreefearyasi in ftenala, also bars 
revealed She significant effect of phosphorus application in 
increasing the yield of tapioca (Anonymouŝ  1967)*

Work don© tm oiscollaneous tuber crops by various workere 
has also proved the importance of phosphatic fertilisation in 
stepping u£ the yield of tubers*

Gruner (1963)» working on potatoes has opined that phosphate® 
arc not only an important constituent of numerous substances, but 
play an essential part in iho process of transformation of subotonoee 
and energy* High ©ncrp' phoa-'hatao regulate the carbohydrate 
wats,belie® within to plant* Black (1957), has pointed out that 
phosphorus io also involved in the initial reactions of i&otosyntheoio* 
CarbocflioxMo ia thought to react with a 5»earbon sugar containing 
2 phosphate groups with the foraafelon of two molecules of & 3-carbon 
compound (ihoepho - glyceric acid)* Si© latter ie upgraded by energy 
supplied by high energy phosphates*

In tho present investigation bfigfrer dosoo of phosphorus 
application to conyu? ctloa with calcitm ra3#st have mturoliy
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H ©poews cas’ve of pot&aii oa 
yiald of tosbars la tapioca.

FXCtJKE 11.0,

110?®] U . S .

Bcepcsae eurvo of ealeiua on ttm jdaM 
of tubare ia tapioca.
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an Increase in the might mgstatiw parte eadi percentage of

by ®ê of the nutrient elements except potash* So eleoy nose of the



FIGTJEE I I I  .A .

Bar Diagram showing the mean percentage 
of edible portion of tubers , as 
influenced by the various levels of plant 
nutrients.

FIGUEE III.B.

Bar Diagram showing the mean percentage of 
dry matter content in tubers, as affected 
by the various levels of plant nutrients.

”o
“ I
°2
P0
>1
»2
*0

*2
Cad
* i
0 ^

50 Eg B/9eetare.
100 Eg N/Hectare.
150 Kg N/fiectare.

0 Eg PgO^/Hectare. 
50 Eg PgOg/Seetare * 

400 Eg Pg0^/Hectare.
10 0 Kg KgO/Hectare.
15 0 Kg KgO/Hectare.
200 Kg KgO/^ectare.
0 Kg CaO/Kectare.

600 Eg CaO/Hectere.
1200 Kg GaO/Heetare.
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tapioca, as influenced by the factorial combinations of various 
levels of nutrient oloraats included m  the present mvestig&ttos. 
are t soaosed hereunder#

a. Perecgtagto of edible portion of tubers after removing .tho. rfeds

fafel© 1 and fig* I22.A* show -chat there is a significant roduotlaa 
in tho percentage by weight of edible portion of tubers# with 
incremental doses of nitrogen appl'cation# Application of 100 Kg and 
150 Kg of nitrogen per hectare has recorded a mean of 8^*94^ aM 
84*065! edible portion# as compared t@ 83*26$ recorded in plots 
receiving only 50 %  of nitrogen per hectare* fhe reduction is 
percentage of fleshy portion between the higher levels eoatieafii. 
was not found significant*

Higher doses of potash application# however# had a sl^ufioaat 
effect on increasing the weight of odible portions ©£ tubers mA 
reducing the rind weight# tho effect is Just the reverse# as soon 
under nitrogen.

Bven though the individual effect of phosphorus is mt 
significant the trend is stellar to that of potash* A sasissa of 
35*55$ edible portion in tubers, is recorded as a result Of cosbihed 
application of 50 Kg of nivrogoa and 150 Kg potash per hectare and 
jBlaiaMa of 83*28$ under the treatment receiving 150 Kg of nitrogen 
and 100 tg potash per hectare* She above finding la in agreeramt with



8B

the xeetdte ofetsissa in the ?ag>loea fiea»uxeb Statics, Tx&roeacwn
(teatt»a© 1955)*

It, £c froed that higher doses of nitrogen is ixm®as&®g 
moculcrne in ©2.1 »3ant part® ani riasfi ie n© exception* Jfctseh
10 tailing tbo revere effect due to its rol© is synthesis m& 
aooutiaslaMisa of sore starchy tm&B is -fee fleshy portion of tubers 
as so^ectoa %  ifiller (1938)» Bussell (1948), Heyer and 
JMsdergm (19SS) sad Stack (195?)*
11 » fey ratter, contest! ffit© irdiyMual effects of 021 t&o four

mtritsto ana iie ettsfoiood effect of nitrogen and pctasfe 
have ©igjaiftocsatly increased t2io percentage of drymttor In t»feecfi
of tapioca {fefel® XI «s*4 Pis* Kl s)*

Anseg Use eosblnatlcm tried* a EBxissusa of 39*52 per* erst 
dsey iiatior of tufeer® is ofetalm& frea treatment© receiving 100 1%

of sitroges aafl 200 %  potash par fiectere*

Semite obtained fey ?Mgro2ta e.fr sl.(l955) and 

Cours ot J&. (l0gt) support tho prccoat fiMiags#

lit* Bsroeatsge of sterol eogfccae»

Aaoag the mttdeat ©loajats, nitrogen, sshospliorao asfi potash 

bay# ©l®Gi£i03Btly coutrlfeuter1 for as increase in the peret&tago cf 

starch content in tapioca tubers* M^toe-c lore! of mleiia® also lUssi 

a ©i,gaific©at effect* lea© of th© iatcsoctione howvor# saaSi'oeted



m m s  m.o.
Baa? IbUagrsa f^oa&rg lifcs mm 
p«rcantoge of avarch cos&sat 
to tubers* as by th©
vsasioue 2.QVS2.S of plast mtrleats*

FK1US 111*2).
Bar Stoge©a ehowtog the mss p«re©ntsg« 
of crude proteis conteat of tubers* m 
isfluGsosd by t&o various Xcvole of plant 
»ttts4®ats*

M 50 %  Il/lo©t£a?©«
a, * 1 0 ©  %  t y f e e e t a x e *

Si 150 I g  p /^ & qtaaee*
%

35 0 %  £2©3/&aotsi»§l
> 1

Rf i g §  %  3? g © j^ K c © $ s r e <

» 100 %  ^O^IsotiMee-
\

a* 100 %  EgO/̂ eofea?e*
h

CK 150 %  lyVteotore.
K 2

K3 200 8 g  Sg0/%J©0t£Sff@,
t e 0 ® 0 %  OaO/f eotar©*
° ° 1

S» 600 %  0aO/t:eatare.
% a 12Q0 %  OaO/fi®otar®-
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any significant influence on starch content o f tubers (fable X U  
and JSg» IIX.C)#

Assort the costoimii©m#appMcation of 100 Kg of potato 
aloe® without any phoepfeorus recorded the sdniasua sean percentage 
of starch (?6*18€}$ while a m sdtawa of €0*66? of starch vise recorded 
(as a result of casbined application of ISO Kg of nitrogen sat 200 
Kfe of potash per hectare.

above finding is in agreoiaent with the results obtained 
at the Sapioce Beeearch Station* frivoadrua# excepting for the effect 
found for nitrogen (Aeon 1957). Starter (1955)* Sn3jwolta et al.(l9SS). 
and Cears at aa..(t%l) ale© have r e p o rte d  einilar restate m  

observed in to© present i^veotigBtion.
The relativo importance of these aacroastabolio xdaerel 

©losanta on the production of saore carbohydrates end eyatoesl® of 
starch reserves in tubers needs so special es$hasiet since it lias 
been satofelntoed fey toe early worfcers like Miller (193©)#
Bussell (1948)# and others ©n different root crops.

iv* Crude protein contests It is e&l&cnt froa fab1© XIII end tig. XJI.b 
that incremental doses of nitrogen and phosphorus have significantly 
increased the percentage of crude protein content in tapioca tubers# 
toe effect being highly pronounced in too case of nitrogen* On toe 
contrary# application of toe highest do®® of 200 tg of potash pa? 
hectare caused a eignifiCEnt re-Iuetloa in protein content of tubers*
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SUMMARY AND CONCLUSION
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APPENDICES



Palght of plants at harvest 
(AaaXysd© of varl&sce)

Source Sun of squares B.F* Variance f
Block 92,46,273*66 8 11,58,034*21

ji. mmm  ̂
10.02

» 1,76,753.06 2 68,376*33 1
3? 1,77,497*55 2 66,748*78 1
SB 10,25,697*27 4 2,56,424*32 2.22
K 8,61,316*82 2 4,40,658*32 3.82*

M 3,60,348*87 4 90,086.72 1
m 18,81,714.09 4 2,70,428*52 2*34

nm 7,68,073*94 6 1,78,012*32 1*11
c& 4,42,709.05 2 2,21,354*52 1*92

EGm 20,53,108*88 4 5,14,527*22 4.46*
m . 3,64,755*73 4 91,188.43 1

mo& 21,92,272.54 6 3,65,378*76 3*16
ECa 5,09,143*66 4 i 1,27,255.91 1.10
W0» 10,71,131*35 6 1,78,521*89 1.54
JHto 11,62,765.52 6 1,97,130*92 1.70
SEKffa
(Error)

18,44,562*76 18 1,15,285*17

Total 2,33,65,140*17 m

* Significant at 5 per cent level*
** CjgnifiesBou at 1 per c®t level*



Appesiia: XI 
Percentage of plant© temeked 

(Aoalyais of variance)

3ourcc flum of square© B.P. fariassc F
Block 3,842.48 8 480*31 1.09
IT 456*39 2 228.20 1
3? 1,708.62 2 854.31 3.37
HP 371.69 4 92*92 1

P 672.70 2 336.35 1.33
m 364.71 4 91.16 1
w 867*58 4 221.83 1

ESK. 683.43 6 113.90 1
Ca - 1,604.62 2 802.31 3*16
b Ca 5,377.89 4 1,544*47 5.30
P Ca 764.55 4 191«1A 1
irv Ca 1,938.61 6 333.10 t.31
F Ca 1,152,48 4 288.12 1.14
KK Ca 1,036.77 6 172.79 1
m  Ca 1,866.71 6 311.12 1.23
fTEK Ca 
(Error)

4,057.46 16 253.59

co& a 26,846*70 80

* Significant at 5 per cent level.



Apscndiac 111
VmskoT of leave® prr plant X"tealyds of variance )

Source S'm of squares B#P« Variance Is

7,02,676.03 © 87,859,50
8 13,781*95 2 6,S90.98
V 61,675.86 2 30,837.93

Y2 2,10,027.10 4 52,506,7©
K 45,126.98 2 22,564,49

IT? 16,031,10 4 4,007,78
IS 2,87,004.96 4 71,766.24
3*K 1,53,962,05 6 26,660,34
Ca 37,355.86 2 18,677.93

5 Ca 1,19,647,99 4 29,911*99
POa 2,14,565.42 4 53,641.35
fPCa 3,57,775,89 6 59,629.31
RCa 1,46,665.19 4 3̂ ,716.29
rrsa 1,20,220.05 6 20,036.67
fKCa 1,13,478.18 6 10,313.03
FPFCa
(fr ro r )

10,70,466.75 16 66,904.17

ffotol 36,76,323.36 a)



Anreagts Iff 
Wetgtre of vegetative parte 

(Analysis of variance)

Source S«a of squares B.P* Variance P

moefc 132.73 8 16.59 5.74
M 55.24 2 27.62 9.55 '
P 5.79 2 2.89 1.00
HP 21.86 4 5.46 1.88
I 24.06 2 12.03 4.16*
1C 16.86 4 4.21 1.45
m 3.42 4 0.85 1
YFK 18.92 6 3.15 1.08
Ca 1.85 2 0.93 1
XT 0& 27.07 4 6.77 2.34
P Ca 4.52 4 1.13 1
FP Ca 27.59 6 4.60 1.59
K Ca 8.31 4 2.08 1
EC Ca 10.34 6 1.72 1
PK Ca 21.93 6 3.65 1.26
HJK Ca (Error) 46.23 16 2.89

i’otal 426.72 80

* Significant at 5 pay cent level.
** Significant at 1 per cent level.



\ J

Appendix V 
yield of taabssr®

( Aaalyeie of vaz&sneo)
£jOutoo Sc© of square B*F» Vtsrianoo $
mod? 609*44
w 497*02
V 241*72
n? 47.09
& 76.74
U 181.62

m 67*65
snc 49*76
Oq 354*40
’,Ca 75.02

32.09
SKfa 20.65
10a 51.36
TSCa 65.16
IKCa 25.69
BJ*Ca 167.59
(t m̂ e w )

© 1MB 7.27«•
2 246*51 23.73
2 120.66 11.54
4 11.77 1.12

a 38*37 ?.66K
*4 45*40 4.33

4 16*91 1.61
6 8.29 1
2 167.20 15.96**
4 16.75 1.79
4 8.02 1
6 3*44 1
4 12.84 1.22
6 10. b6 1.03
6 4.28 S

16 10.47

sotea 2543.00 e©

*  fige i^ ien rrt a t 5 per scut le v e l*

’**’ SigB3.fii.eQBt at 1 per cm t level*



KtuEfesr Q f cabers per plaut 
(toO^sis of variance)

Source Sum of squares P.F. Varl@»CQ Is

Block 607*51 e 83*44 1.37
II 2,024*92 2 1,012*46 16.61
P 242*18 2 121.09 1.98
F? 258.86 4 64.71 1.05
I 411.88 2 205,94 3.38
M 722,21 4 160.56 2,96
m 72.34 4 ie .e e 1
m 284*37 6 47,39 1
Oa 448.18 ? 224,09 3,68s'
£0a 106.41 4 26,60 1
PCa 67.37 4 16*04 10K & 158.52 6 26,42 1

FCa 12*34 4 3,08 1

*TCa 368.00 6 61.35 1.01

foGa 45**64 6 75.60 1.24
liPFCa
ftsrror)

975*30 16 60.96

Total 7,274.18 00

* Sigatfieont at h per coat level* 
m  Sigelflcajat at 1 per cent level#
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£c©gtfe ©f tuber© 

(Analysis &£ variance)

Source Buax of squares 3.F. Varies©© V

KLeck 410*89 e 51*36 2 * U

11 2.74 2 1.57 1

f 53*40 2 26.70 1.27
Si* 51*66 4 12.97 1
t 25.40 2 12*70 1
m 06,OS 4 5*52 1
fJC 23.00 4 5*75 1

08.65 6 11.44 1
5a 7.90 2 3*95 1
f  0a 40.06 4 10.02 t
*0a 123*37 4 30*84 1.46

e*c& 108*15 6 18.02 1
sCa 21*59 4 3.39 1
RKCa 104,40 6 17,40 1
5®S& 105.32 6 30.89 1*46
rr.Pa

(Esr’tsr)
337*21 16 21.08

Sotsa 1,590*00 60



Appendix -» IX
Girth of tubers 
(Analysis of variance)

Source Sum of squares 3>.E. Variance F

Block 60*49 8 7.56 ■»2.69
H 66*42 2 45.21 15.38 **
V 14*64 2 7.32 2.60
w 19.87 4 4.97 1*77
K 37.08 2 18.54 6.60
n 16.77 4 4.19 1.49
m 16.35 4 4.08 1.45
BEK 23.58 6 3.93 1.40
Ca 59.16 2 25.58 9.10
FCa 24.25 4 6.06 2.16
PCa 9.58 4 2.39 1
IffCa 24.38 S 4.06 1.44
KCa 22.47 4 5*62 2.00
FFCa 24.00 6 4.00 1.42
MCa 21.34 6 3.56 1.26
SPKCa 
(fr or)

A9.02 16 2.81

foval 497.38 80

* Significant at 5 per cent level
■** Significant at 1 per sent level*



P e s e m iage of edible portion of tuboro after removing 
tbs rird

( Analysis of variance)

fcurce Susa of squares D.F. Variance F

Blodc 10*84 8 2,35 3.89
M 21.04 2 10.52 17,41
F t.04 2 0.52 1
SJP 5.15 4 1.29 2.21
& 15,59 2 7*80 1 2 .9 1

W 2.54 4 0*64 1.06
IK 2.25 4 0*56 1
rsr 6.82 6 1.14 1.88

1*30 2 0*65 1.06
BCa 0.61 4 0.15 1
I'Ca 0*76 4 0.19 1
JiTOa 3.45 6 0*57 1
KCa 0.84 4 0*21 1
U^Ca 3.45 6 0.58 1
fKOa 2.71 6 0*45 1

O&ror)
9.67 16 0.604

fotal 96.06 80

^  Significant at 1 per cent level*



Fcrecotago of mXimv la tubers 
( CM ovcrsdiy haaia)
{Analysis of variance)

Source Cm  of squares D.F. tar 1 msec F

llock 9*50 8 1.19 1*55
r 25*90 2 12*95 16.68 **
s? 10.68 2 5*34 6.96 w
kp 4.08 4 1.02 1*32
£ 76.35 2 38*1? 49.76
£1L 12.69 4 3.17 4.13*
IK 5.24 4 1.31 1.71
n m 0.A4 6 C.C73 1
o& 6.68 2 3*34 4*35*
SCa 2.36 4 0.59 1
ICa 1.36 4 0.34 1
h W a 3*06 6 0.51 1
FCa 0.69 4 0.17 1
%Ca 1.15 6 0.19 1
WOa 0.04 6 0.007 1
moa 12*28 16 0.767

fetal 172*50 80

* wlgnifioaat at 5 per eont levd*“*• Saguiflcsait at 1 per cent level*
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Appendix XI11
Percentage of crude protoin content of tubers 

( On oven dry basis)
(Analysis of varisno©)

Courc© Sum of squares P.P. Yarian.ee 3

Sock
S

0.32
2.98

©
2

0.040
1.490

*3,33
124.2

P 0.11 2 0£55 *4.5©
TP 0.06 4 0.015 1.25
£ 0.17 2 0 .0 0 5 7,08 *
SK 0.04 4 0,010 1
£K 0.10 4 0.025 2.08
SW 0.03 6 0.005 1
Ca 0.06 2 0.030 2.50
CCa 0.04 4 0.010 1
K % 0.02 4 0,005 1
SPSa 0.04 6 0*007 1
FCa 0.09 4 0.022 1*©3
TKCa 0.04 6 0.007 1
JMjs 0.10 6 0.01? 1.41
pPKCa, 0.19 16 0.017

Total 4.39 80

* Sigeifioast at 5 per cent level 
Significant at 1 per e«?nfc level.



Appendix XIV
Meterological data recorded at the Agricultural College farm, 
Vellayani during the period of crop grovrth

S&nth fern le^eratare in •» S S fa U .

July 1966 86 74 89.6 585
August 1966 86 76 87.6 341
September 1966 86 74 66.7 768
October 1966 88 74 88.5 862
November 1966 86 74 89.2 295
Boeenber 1966 86 74 89.0 120
January 1967 88 76 86.0 74
February 1967 88 74 65.0 Nil
March 1967 90 76 84.5 Nil
April 1967 90 78 87.0 64



WUast I* & gmmal iriinr of the aaeperisaeiital plots, 
45 flays after planting*

BiAfS XX* filter fl«velo|»#nt in a p lant, Stem the

*100 ?ioo *aos °iaoo slot- “ te
that of a plant feoo the %  ^ qo Ca0 
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MJfE SIX* 'fubar fievelopissni in a plant fro® the

Bi3o Fieo *200 ° * m  Blot* ®  «»*««>«
to that of a plant fro© the E10Q CBq
plot (Control)*

H»A?1 1?. 'Jabea? davelopjaent in a plant fees the 

% 0  P0 K150 Cao plot* ^  compared to 
that of a pleat fro® the IS^ Cs^
plot (Control)*
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t in t  o f  a  p lant f  eat th* PQ I 1(j0 Ca^

plot (Control).

$ub«? dcvalopnmv

*150 f50 *200
th&t of a plant
plot (Oosttasol).

t in a plant ffm& the 
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d«ve»lopte«»t in  a plant fsrn tb»

*150 *100 *200 ^*1200 s lo t ’ “  ce»paa»0 to
that of a plant from th» PQ 
plot (GastoQl)#

H&b«3? dOTalopffloat In a plant fro® tb»

*100 P 50 R1$0 €%qq plot* m
tfeat of a plant £ s m  tb* PQ K1Q0 Ca^
plot (Control),





TthAf g  IX» 'Sabsr deRrolopsient in a plant tsom the

*1 0 0  f so  K1«S0 ^ *600  p io t *  e s

to that of a plant fross the Ca^

plot (Ccostaeol)*

HiA’P*3 T* fuher der^op^enfc in a plant froo the

S150 X100 S od Sa6O0 ~lo t® as to
that of a plant jfeon the K1Q0 Qe^
plot (Control)*




