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INTRODUCTION



INTRODUQTION

In Kerala whare the production of rice is less than

50 pér caont of the recuirements, the use of tapiooa as &
sutsidiory food has gained vital importance. A8 a subsidiary
food orcp of tremondous calorific value and also as a source
0of starch in textile industry cassava assuxes a significant

role.

Considering the grairity of the present food situation,
it ie sasentiel to step up the annusl production of taplioca
in our State. The idea of exteneive cultivation of tapioca

im cut of qu!'a'bion since all the available cultivable lends

are aslready under cultivation. The only alternative at
present ie to maximise the yicld per hectars by sdopting
improved agronomic practices.

The introduotion of high yielding varieiies has opesned
up new horizons in stepping up tapicca produotion in our
country. But the object of getting higher yilsld cannot bc‘
achleved by the introduotion of high yilelding varieties
alones Development of suitable agronomic practices sssumes
groater lmportence in giving full expression of tht yield .



potentialities of these varieties. Therefore, 1% is of

graa;t signit;canea that the response of this erop to different
levels of major nutrients may be studied in detail under
various agro-climatic conditions to f£ind ocut the optimum
levels of nutrients for each variety to get maximum returns.

The Central Tubsr Crop Research Insiitute, Trivandrum,
has evolved three high ylelding varieties of tapioca viZe,
HeG0T7, H=1€5 and H=226. The variety H-iﬁs was released by
the States and the Central Varietiy Release Comuzitises in the
year 1570. It l}au teen testad in all southern atépn under
the " All India Coe~ordinated Research Project om ‘tuber crops®.
Of thess three varieties, H-165 gave the highest yield. It
is an early maturing variety, well suited for home consume

ption if harvested within 8 months and coaparatively
resistant to pests and disedses. '

The manurial trials on tapioca conducted so far in the
State have given inconsistent resuits. From the tricis.

undartzken for five years at the Tapioca Research Stations,
Trivandrum, Thiruvalls and Oliukksra it was concluded that
en cptimun manurial dose for tsploce, 1;1111 te 112 kg of
nitrogen and 135 to 180 kg of potash per &atam mrtp‘.
tasaldose of 5 to & tonnes of farm yerd menure.



The rosponse of tapioca to phosphatic fertilization
wém found to te erratic and hence it was recoumanded only
for soils poor in avallaeble phosphorus.

The effeccts .or aitrogen and potash on growth, yield
and quality of ths tapioca variety H-165 have not tesn
etudied in detatid, smo far.

The present investigation was therefore undsztaken
with a view to atudy the response of the high yielding variety
of {splooa H=165 to the graded dcses of nitrogen and potash
on its growth, yleld end quality end also to determins the
optimun as well gs the wconomio doses of thems nutrients
under the agroeclinatic conditions of Valleyani.
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REVIEW OF LITERATURE

Taploca 15 a tropical crop which thrives under a warn
hunid climats with a moderate annual rainfoll of about 150 cu.
The gravelly laterite and red loam soils of Kerdls are
ideally suited for this crop. Thase soils are however
generally defacient Ain available nitrogan, available phesphoric
aeid and potash where s the nutrient requirements of the
crop are very highs This demands a systematio study of the
effect of varicus nutrients on the growth and yleld of the
orcp. The present review relatss to ths effect of different
levels of nitrogen and potash om growth, yield end quelity of

.tapiocu.

A+ Effect of nitromn on growth and yield

The beneficial atfccta‘ of nitrogen on plant growth and
2inal 31010' of tubers hm}e besen concluaively proved ac a
result of menurialecum-spacing triaiu conducted for five
years consecutively in the different Tapl.oaa'_nouaerch
Stations in our State. Manurial experiments on taploca
conductad at Tapicca Research Stations at Trivandrua,
Mavelikara and Ollukera have revesled ithat the effeot of



nitrogen on plent growth and yleld of tubers was highly
signifioont (Anonymous 1954, 1955 and 1957).Malavolta et &1.(19:"»5)‘
have shown that ths highest tuber yield in tapioca could bve
obtained by doubling the dose of nitrogen thersby cnhencing

the shoot end root growth. They also recorded that the

welight of roots wap increassd by higher levels of nitrogﬁn.

In a statistical examination of results of manurial
trials on tapioca conducted in Kerala State, Chadha (1958)
‘hu raported that the mean response of nitrogen varied from
1.02 to 2.75 tons for 40 1bs of nitrogen per seres (45 kg per

heotare) and from 1.17 to 4.0 tons for &0 1bs nitrogen per
acre (90 kg par becitare). The economic Opﬂﬁuﬁ dose of
nitrogen for tapioca recozmended by " Potascheme " in 1961
on the basis of manurial trials conductsd in Kerala for over
a period of five years was 96 1ba per acre (108 kg per
hectors). In another experiment it was found that 110 1b of
nitrogen per acre (112 kg per hectare) applied in the form

of amaonium sulphate was the optimum dose for taploca
(Anonymous 1963)e '

. Eroachmal and Saxaels (1967) repcrted that the produ-
ction of %tops as gran per plant was favoured by higher



levels of nitrogen. They have aiuo found that tubesrs were

not formed with high nitrogen and incoreasing nitrogen levols
reduced the tuber dsvelopment by 70 per cent. Experiments
conducted at Yellayani has aleo shown that the weight of the
vegetative parts was significsntly influenced by higher doses
of nitrogen (Pillay, 1967). Vijayan and Iyer (1968) otserved
that nitrogsn has a significant positive influence on the
yleld of tubers.

Experisents with two loproved varletles of tapicea
H=97 end H=-165 have revoaled thet increasing levelns of
nitrogen have increased the tuter yisld upto a level of
80 kg N/ha bayond which ths response was not significant,
They glso otserved that the aize of tuters was not much
affected by levels of nitrogen (Mandal et sl. 1971 a). The
opticum yield and econcric return was obtained with
80 kg N/hectare in the oase of H-165 and He97 and 40 kg K/ha.
in the case of M~4 (Anonymous 1974). In a study to £ind
out the varietal response ﬁo nitrogen Mandel et al. (1974 b)
found that only He165 was highly responsive to nitrogen
upto 150 kg/hectare.

¥Mandal and lohsnkumar (1972 a) found that the number
of tuters per plen_t vas incraagsed with the increase in the



level of nitrogen in both H=-165 and He97 varietiea. They
2ls0 reported that the average saire of tubers increased
with the increame in the lovel of nitrogen though the trend
wa® not uniform in all the varieties. Maximum size of the
tuber was observed in H-226 followed by H-165 and the tuber
5ize was found to be small in H=57. The tuber numter per
plant in H-97 was more but the size of the tuber did not
increas? accordingly. They have also observed that there
wap & significant inorease in yield with increase in nitrogsn
~levels from 50 to 125 kg per hectare btut the yield was low
in 150 kg N per hectsrs. Mandal and Mohankumar (1972 b)
Observed that ths numter of tubsrs per plant in ths varisty

He165 increased signifioantly with increase in the level of
nitrogen from 40 to 80 kg per hsctare beyond which there was

not much differsnce.

" Be Effoot of potash on growth snd z;uld

The influence of potescium on the stzrch synthesis
hazs teen wall recognised ¢ nRussel, 1961). It appears that
potassium is not directly concarned with cartondioxide

essimilation and therefore ths synthesis of cartohydratss;
but it tzkes part in certain physioc-chemioal reaction.



The defeciency of potasciun alverssly effects the formaticn
of polysaccharides and proteins which are the condensation
preducts of primary sugars (Reheja,1966). A good number of
sxperinents have revealed the influence of potash on the
growth, and yield of taopica.

Grossman and ds Assis (1951) in Brasil hewve found
significent incresse in yield and cuelity of tapioca due to

potash fertilisation. Chadha (1958) reportsd that ths mean

response due to potssh veriez from 19 to 34% for B0 1b
Izolacra (S0 kg per hectare) arnd from 23 to 75% for 150 1b

Z,0/s0re (180 kg per hwctare). White (1928) had ehown the
ioportance of potash in increasing the yield of {spioca in
Jawse

Hanuriel trisle conductsd at the Tapioca Research
Stations in different reglions of Korala have ocnclusively
proved the bensficlal effects of potaeh in increasing the
yleld. 120 to 160 1b X,0/acre (135 o 180 kg per hectare)
have toen recomsended as the cptimum dose (Anonymous, 1963).
Silva end Preire (1968) stated that potash markedly inecreazed

yields in Manihot esculents in poor sandy soils. But there
" are reports that ths tuber ylsld of casnava increased with



potash application upto 300 kg per heotare beyond which

there was a graducl decline in yileld (Anonymous 1968).

Hagoon e al,(1971) alwo reported that the tuber yield of
casoava incrsseed progressively with the application of
potash upto 100 kg per hectare beyond whioh it decressed and
the optimum level was found to te 103 kg per hactare. Mandal
and Mohankumar (1972 a) ‘observed that there was not much
difference in the numter of tubsrs of voriety H-165 with the
application of potash from 40 to 80 kg per heotare and 80 to
120 kg per W otare did not show any significant increass in
yield. However, higher level of potash (120 kg per hectare)
was found to te signifioantly superior to the low level ( 40 kg
per hectare) in increasing the yield of tuter.

Ca Interaction effects

Cours (1953) roported that a harvest of 50 tonnes of
- roots and 25 tonnes of wood of tapioca, removed from eoil
253 kg of nitrogen, 28 kg phosphorus 250 kg potessium,

42 kg celciun and 29 kg angnesium, Acosta and Peres (1954)
have repcrted a close interasotion tetween nitrogen and
potassium on the yield of topioca in Costa Rica.

Abraham (1956) based on ihe experiments conducted at tha
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Tapiocs Research Station, Trivandrum and found that the
yicld of the erop could be considerably raised by bslanced
NPK fertilisation. In another experiment Chadha (1958)
had reported a highly significant interaction between
doses of nitrogen and potassium on the yleld of tapioca
at a ratio of 1:1.75. Kroschnal and Semuela (1967) have
reported the highest yleld of tope with high ﬁitrogen and
potash and low phosphorus.

. Inthe manurial trials cn tapioca conducted at the
Central Farm, Coimbators for over a period of five years
using three levels each of different orgenic manures,
nitrogen and potash and 2 levels of pﬁoaphorul have shown
that the main effects of nitrogen, potash end interaction
HPK, and HMNPK were significontl ; during the second year
of the experiment (Anonymcue 1962). Msnuring-cum-spacing
" ¢rigls conductsd for five ysars at three different Tapioca
Research Stations in Kerala revealed that a stesady
response to yield was du:o_ to nitrogen and potassium
(Anonymous, 1965). Experiments conduocted at Vellayani
favealed that the optimum manuriel c¢ose for tapioca was
150 kg nitrogen, 130 kg P,0g and 250 kg K0 and 1100 kg Ca0
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per hectave (Pillay, 1967). IHe also obssrved that highsr
doses of nitrogen and potash elons influenced the welght

of the vegetativs parts. Chew (1970) reported that the
bent fertiliser recomzondation for tapioca on peat consise~

ted of a mixture of 180 1t K per acre (202.5 kg per
hectare) 50 to 60 1b P205 per acre (56.25 to 121.25 to
135 kg per heotare).

The combination of 120 kg nitrogen and 120 kg potash
recorded ths highsst yield in cassava. Interaotion of
nitrogen and potash waes significant in increasing the
numter of tubers per plant with the variety-165
(Anonymous, 1972)., Kumar st al.(1972) reported that there
vas significant intsrzotion between nit:ogen and potash
in increasing yield. The yield in treamo‘nt H:K 100:100-
vwas signitficantly superior to that of treatmsnt N:K-100150.

D. Influencs of nitrogen and potash on_ the cuality of tuber.

Dry matier content
Pillay (1967) reportad that the nutrients nitrogen

phosphorus, potassium and celcium individually and nitrogen
and potassium in combination increased the per cent of dry
matter contont of topioca tuver. Similsr feaulta ware
obtained by Vi;!asaﬁ and Iyer (1968) who found that the
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individual sffects of nitrogen and phosphorus as well as
their coatined effoot were significant in increasing the
per csnt 6: dry natter. He also oburnd that thore was
not much differsnce in the 4ry nmatter content with varying
levels of nitrogen.

Crude vrotein content

Mudaliar (1957) and Magoon and Appan (1966) reportad
that the Crude protein content of tapioca generally rangeéd
from 1.20 to 1.75 per cent though varieties having upto 10
per ocent of crude protein had teen noticed.

Malavolta sf a1.(1955) reported 'i'.hlt high levels of
nitrogsn while dsoreaming the starch éontant incressed
the protein peroentage. Investications at ihe Tapioca
Ressarch Station, Trivandrus revesled that the epplication
of nitrogen increased the nitrogen content of tuber while
potassium showed a negativae influence (Anonymous, 1960).
Pillal (1967) otserved that orude protein content of tuber
was significantly increased with the application of higher
doses of nitrogen and phosphorus while the highest dose of
potash fe. 200 kg per hectare resulted in significant
reduction in crude protein. v:l.;]ayanland Iyer (1968) found
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nitrogen had signizicant effect in lnoreasing the orude
" protein percentags of tuber. He slso otserved that
there was not much difference in the protein content of
tibors with varying levels of nitrogsm.

Starch aontent

Investigations carried ocut in Tepiooa Research Station

at Trivandrum have shown that applioation of nitrogen
decreased the starch cortent of tuters, while higher dcses of
potassium produced a signifioant increase in the percentage
of etarch (Anonymcus, 19557). Pillai (41967) reporied that

the graded doses of nitrogen, phosphorus and potash proe-
gressively incrsaced :ithe starch content to 80.68 (on oven

dry basis) was recorded as a result of combined sppliocation
of 150 kg nitrogen and 200 kg potash per heotsre.

Eumar et 81.(1971) heve roported that the waximum starch
content of cassava tubers (33.5%) was obtained by the split
applioatiocn of 100 kg !20 per hectare.

Hylrocyanis acid content

Joachim and Sekhere (1944) in their investigntion on
hydrooyanic acid content of cassava reported that 1t varied
froa tuber to tuber in the same clump and within a tuﬁor
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itself. Desan (1957) estimated the hydrocyanic acid content
~ of 14 varieties of tapioca in Hawaii and found that i¢
varied from 40 to 65 mg per kilogram of fresh mbor.

Pereira et 21.(1960) aftar estimating the hydrocyanic
acid content in a numter of varieties in Brazil found that
the bitter varietles contained 3 times more of the toxic
principle than the sweet varieties. Sinha end Hair (1967)
from a study of 33 verieties of tapioca concluded that the
hydrocyanic acid content varied froa 30 t0 490 mg per
kilogran of fresh tubera. The hydrocyanio acid content
btetween tubers of the same plant and between the different

parts of the sase tuber was not significant.
Braijn (1967) reported thnt the oyanoglycoside content

-of tubers and leaves incressed by the spplication of nitrogsn

and decreased by potassium and farm yard manure. ‘
Magoon et al.{1970) repcrted that the hydrocyasnic acid content

of tubsr at 10th month stage was 44, 22 and 14 ng pui

.kilogram of tuber from soll, split and foliar application of
100 kg nitrogen per hactare respectively. Indira et al.(1572)

reported that the application of nitrogen and phosphorus

alone increased the hyérocyanic acid content of tubers
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while potuniui alone or in combination with phosphorul
and nitrogen reduced the hydrocyanic acid contsnt of tuber.
But Dolhuis (1954) investigating the toxiolty of tapiooa
roots in Netherlands could not establish any relatto'nahip. |
tetwesn soil nitrogen and degree of toxiolty. He also

reparted that the " Linamarin® content was aarkedly
increased by drought and potash defoctency.



" MATERIAL AND METHODS
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MATERIAL AND WETHODS

The present investigation was undertaken to study ths
effect of nitirogen and potash on growth, yleld and quality
of tapioca - variety H=165.
I.Experimental site

The investigation was cerried cut in ths farm attached
to the College of Agriculture, Vellayani. The soil of the
experisental sits is red loam. The chemical properiies of the

801l from the experimental arsa are glven Lelowie

Total nitrogen .. .o = 0.0567%
Totael phosphoric acid .e = (.0325
Total potash .o .o = 0,0689;
Available phosphoric geid = 0.00209%
Available potash .. .. = 0.000655
pi ce ' es w 51

II. Season

The orop was planted on 6th July, 1974 and harvestad on

12th Horch 1974. The weather data recordsd curing the above
pericd are furnished in Aprendix I,

III. Planting material

The varisty H»165, seleotad for the experiment is

_ darived
from a cross vetween two logal verieties viz.,
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'Chedayamengalem Vella' and 'Kalikalan', evolved at the Central
Tuber Crops Research Instituts, Trivandrum. This variety is
high yielding (35 to 45 metric tonnes per hectars) and early
maturing. It is an unbranched or sparsely branched type
.:tacilitating more plants per unit sree. The tubers are: short,

campact and well sulted for home cousumption if harvestad

within 8 monthe. The hybrid responds well to fertilization.

This veriety also shows field resistance to pests and diseaces.
|

1V. Fertilization . .
Amnonium sulphete, superphosphate and muriate of potash

were used as the source of nitrogen, phosphoric a0id and
potassium respectively. A uniform hasal doss of organie
manure was given at the rate of 12.5 tonnes per ﬁectm. The
nitrogen and potash were applied in three levels each vig,,
50 kg, 100 kg and 150 kg per hootare. |

Chenical analysis of the fertilizers showsd the Lollowe
ing composition. '
Amgoniun sulphate °© « 20.1% nitrogen

Superphosphate = 16% phosphoric acid.
Muriate of potash w» 60% potash.



V. Experimentsa) details
"8) Treatments

18

Factorial combination of thrc-. levels ot'nitrog!n amd

three levals cf potash constituted the treatments. The lovels

of the individual nutrients were fixed tamed on the resuitas

of the previous trials. The fertilixers ware applied in two
ecual split dozen firet at the time of planting and the sscond

dose 60 days after planiing.

The levels of the individual nutrients are es £0lloweie

Nltroan‘- 3 levels
ny = 50 kg N/ha
n, = 100 kg N/ha
Ny - 150 kg N/ha .
Potesh = 3 levels
ky = 50 kg Kaolha
kg ~100 kg K,0/ha
k3 «150 kg KZO/ ha.

The treatment combinations are

Te n3 k.' 8. n3 kz 9. ns

VANV AR
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b) Ihe layout snd design

The experiment was leid cut in faotorinl experimont
in Rendcmised Dlock Design with four replications. The
design of the experiment is given in Figure I.

¢) Size of the plot
Gross plot siZe = 4.5 M x 4.5 M

Net plot l;z. = 3.0 x3.0H

d) Spaeing adopted
75 .ca x 75 c@ on either way.

Vi. Dotalls of cultivation

1) Preparatory cultivation

The experiuental site was given two desp ploughings
with tractor, Plot eise of 4.5 M x 4.5 K were laid out in
four blocks. The plots were glven a thorough digging ard
then levelled. The cattle manure at the rate of 12.5 tonues
per hectare was uniformly spread in all plots and incorpoe
rated into the soil. Hounts were tszken in lines 75 cms
spart, '
1) Planting

Planting was done on 10-7-1974., Tapioca cuttings were
plented verticeolly at the cenire of the mounts at the rate of

¢
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one dett per mount.

111) Mopuring

Nitrogen, phosphoric acid and potash were applied as
ammonium sulphate, superphosphate and curiats of potash in
two split dosas ono dose as the basal on 9=7=1974 and the
other at two months after planting on 10-S-1974. Tho fertie
lizers were applied in tasins foraed around each plant and
"coversd properlye.

General condition of the orop

Germination of the setie was satisfactory. A few setis
found dried up were removed nnd replanted with fresh cuttings.
The sprouts were healthy and vigorous. Sprouts in excess of
two per plant wara nipred off a week after thair SLergLeNct.
The gensral stand of the orop was setinfactory throughcut
tke period of growth. |

v) Intar-cultivation and weeding

A light raking and weeding was given on 24~4-1974,
The. first earthing up was given on 11-8-1974. The mecond
earthing and tcp dressing were done on 10-9-1974. The third
earthing up, was given on 9-10~1974, |
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vi) Plant protection

There was no incidence of any pest or discass.
wil) Harvest

The maturity of the crop was indicated by the falling
of leaves, otem colour and also by the cracking of the soll

around the base of the plants.

The plante selected for bicmetric studies were
haxvested on 11+3=1975 and the necessary otservations recor=
ded. 2The remaining plants were harvested on 12=3=1975 and
the yicld recorded. |

viii) Observatione recorded

i) Sempling technicue for biometrie studies

Four plants from the net Plot gtanding in g dlagonel,

. line in the seme direction wape selected from all the plots
for studying the bicmetricel charactere,

1i) Pre~hervest cbservations
W—“
Humber of leaves ver plant.

Holght of the Plants,
1i1) Post=harvent otservations
Mﬂ_m_
Number of tubers Per plant.

Humber ‘of unproductive roois por plant.
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Mean length of tuber.
Mean girth of tuber.

welght of the asrial parts of plant.
Yield of tuber fromx the net plot.

Ratio of flegh to rind in iuber.

Starch content of tuber..
Hitrogen snd corude protein content-ot tuber.
Hydrocyanic scid content of tuber.

iv) Technicues adcpisd forrecording okservaticns

a) Germination

Three observatione wars taken at en interval of three
days vis., on 9th, 12th and 15th day after planting. Gap
£illing wae undertaken on the 9th day of planting. Further
obsarvations showed that there was no more drying up of
setts,

b) Height of the plants
Height wae measured from the Lase of ths sprouts %o

the tip of the plant in cm at an intervel of 30 days upto

210th doy after planting. The final height at the time of
“harvest was also racorded.



23

¢) Ruaber of leaves per plant

The first observailon was taken on the 30th day
after planting and the subsequent otservations ware taken
at an interval of 30 doys upto 210th duy. The total numbter
of leaves per plant till the time of hﬁrveat was recorded
by counting the total number of leaf scars from tho bu; to
the tip of the sien, on the Provious day of the haﬁest.

d) Yield of the nat plot _
The total weight of the tubers of plantis in the net
plot was roecordsd in kilogram and the average worked out,

e) Humber of tubsrs per plant S
The total numbef of tuters from each of the four

chservation plants were counted snd the average was

recorded as the number of tubers per plant.

£) Number ©f unproductive roots per plant
The totel nuater of roots which are unproductive

from each of the four observation plants was counted and

_the average recorded.

g) Length of tuber _

Ths length of redium tubers collected from the obser-
vation plants was measured in contimetres. The average
length was also worked out.
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h) Girth of tuber
The messurscent of girth of tubers of each four

plants in each plot was taken one at the ventre and the

other at two cus away from the tips of ihe tuter end the
average was rscordad in cm as girth of tubers.

1) Weight of the asrial parts of the plant
The total weight of the stem and leaves of the fowr

otservation plents st the time of harvest was noted and the
average recorded.
J) Ratio of flesh to rind in tuben

M

A random sewmple of 1000 gus of tubers was waighed
from each plot and the weight of: the flezhy edible porition
and rind was taken separately after peeling end the percenw=
teges wire calculated and recorded.

k) Percentege of cruds protsin ocntent of tuber

~ The nitrogsn content of oven dried samples froa
individusl plota were estimated by the Kjoldahl's pethod.
(Piper, 1948). OCrude protein cantent was calculated by
multiplying the nitrogen by a constant 6.25 and recorded.
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a) Percentage of starch content in tuber

The percentage of starch contained in the oven
dried semple from individusl plots were cstimated by the
methed as suggested in AOAC (1956).

b) Hydrooyanie acid content
The hydrocyanic acid content of the oven dry sanple

was estimated by AOAC (1956) method =nd expressed as ng/kh
of drisd tuber.



RESULTS AND DISCUSSION
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RESULTS AND DISCUSSION

An investigation was carried out at the College of
Agriculture, Vellayani during 1974-1975 to study the effect
of nitrogen and potash on the growth, yield and guality of a
high yielding variety of taopioca H=165. The effects on the
various biometric characters as well as the yield were
etudied to asseen hos test each attribute has been influ~
enced by the treatsents. The data relating to various
observations taken were mtétistienlly analysed. The resulis
obtginad from the present study are discussed hereunder,

A. Growth charactors
1+ Bumber of leaves

The datq on ths number of leaves per plant at 30, 60,
90, 120, 150, 1680, 210 days efter planting a2nd the total
nuater of leaves ai harvest are presented in Tavtles 2(s)
and (b) and figures II (a) and (b) and their ananlysis of
variancs in Appendices from II (a) to II (h).

Tho results show that in the early stages, ile., at -
30 and 60 days after planting, the levels of nitrogen
exerted significant influence in incressing ths mean -
nuater. of ;naxts per plant. HNitrogen bveing the key element



Table 2 (a)
Effect of different levels of nitroabn on nuster of lezves Ter plant

Treatzent

Days after planting

(Isvels of 30 60 90 120 150 180 210 At harvest
nitrogen)
Reo 37.91 48.43 43.86 46.12 26,93 28.03  32.34 209.29
Y400 41.28  51.36 43.67 47.61% 26.83 28.65  39.44 215.8¢4
H450 42.39  S54.13  46.73 48.80 27.35 28.890 29,20 222 .69
SEF + . .o 1.00 141 1,10 1.10  4.75 £.02
C-D.(0.0B) 2-07 2.95 as LX) - - e e . e
'F' test (sig) (sig) {§s) (¥3) (us) (us) (RS (us)

55 = Kot sj.gniﬁc:nt

LG



Tatle 2 (b)
Effect of different levels of potach on numter of leavsa per plent

-

Days after planting

Treataents ———— - -
{Levels of 30 60 30 120 150 180 210 At harvest
potash)
Xeo 39.99 50.05 42.59 46.03 26.69  27.55 3B.18  210.12
100 40.67 50.62 44.63 46.15 27.03 28,02 38,58  215.43
Rs50 40.92 53.03 47.05 - 50.45 27.41  27.97  40.42  221.98
SEM + 0.765  1.00 .. 1.10 - 1.10 4.75 ' 4.02 .
C.D.(0.0E) T em ‘ee 2.16 3.?1 .e .e .o se

*F* test (Ns) (5s) (sig) (s1g)  (BS) (8s) (x3) (Ks)

RS = Hot significant

8a
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of plant growth 1t is quite natural that its effect has
toen reflected in the vegetative growth in an increased
number of leaves. Malsvolta et a1.(1955) and Kroschual and
Saxuels (1967) have proved teyond doutut that the higher
levels of nitrogsn increase the vegetative growth of the
plant.

 But in the later stoges it is seen that the levels of
nitrogen 4id not have any significent influsnce in increasing
the wean numbsr of leaves per plant. This may be due to
the fact that a good smount of nitrogen abeorted at the
later ztages would have teen utilised for starch synthesis.
Maxizum number of leaves was p_roéueed at 60th day after
planting. The incrosse in the nuater of leavas produced
at 00th day was found 10 be more than that noticed at 120th
day. This may be dus to the faet that the first dose of

nitrogen given as tasal application would have Lesn more
effective for the vagetative Gevelopment and the 1later

spplication would hove exeried only lesser effect cn the
vegetative growth,

With regard to potash 1t is found that the levels of
potash had no effect in the carly stages in increasing the
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gean nuuter of leaves per pq.ant. This may be due to low
abtsorption of potash by plents ln the eerly stiages. At the
‘Tapioca Research Station, Trivendrum it was otserved that
the maximum absorption of potash is only at 3 to 4 months
after planting (Anonymous, 54, 1962).

It ia seen that at 90th and 120th day the levels of
potash had a marked influence in increasing the mean number
of legves per plant. In both cases ths higher level of
potesh (150 kg per hecters) wes found to ba supsricr to

lower levels. Ward (1955) and Thomas (1965) have reported
incraase in the number of leaves with incroasing levelz of
pctash in potato and sweet potato respeciively.,

Maxinum nunter of leaves was produced at 60th day
after planting. An in the came of nitrogen the increase in

the numter of lezves produced at 60th day after plenting
was found to bts more than the increase noticed at 120th dgy.

Hisre also the basal application would have exsrted greater .
influence on the vegetative development whereas the top

dreesing had a lssser effect. In the later atdgoa of growth
the effect of potash was not significant in inereaning the
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mean rumber of leaves per plant. The reduction in the
numker of leaves after 120th day of planting indicates
that the active vogetative phase was being completed and
the plents were edvancing towards maturity. The food
materiales produced by photosynthesis which are teing
utiliced ty serial parts of plants in larger amounts till
then, get tronslocated for the developmeni of siorage |

organs namely the tuber.

The interaction between nitrogen and potash remained
not aignificant throughout the growth periocd.

2. Height of plant

The data rolating to height of plants at 30, €60, 90,
120, 150, 180, 210 days after planting end the total helgnht
at harvest ware étatistically analysed and their analysis
of variance are presented in Appendices from III (a) 4o IIX
(). ‘ | | |

The dats on mear height of planta are presented in
Tabtles 5 (a) and 3 (b) and figures III (a) and (b).

The data in Table 3 (a) reveal that the levels of
nitrogen had a significant effect on the mean height of
plants in all successive stoges of growth. A% 30th, 60th



Table 3 (a)
Effect of different levels of nitrogen on height of plant (in cm)

Treatments ' Days after planting _

(Levels of - -

nitrogen) 30 €0 20 120 150 180 210 At harvest
Nso 39.83  62.62 89.09  102.38 115.44 117.35  137.47 137.63
100 41.79  67.49 94.52  110.13 120.85 123.22 140,33 141.36
N4s0 43.63  T5.09  104.08  118.79 132.49 129.99  149.83  150.37
'P test  (Sig) (5ig) (sig) (51g) (Sig) (5ig) (sig) (5ig)

C.D.(D05) 2.54 5.12 743 744 16.77 Q.60 9,23 9.23

Gh



Tatle 3 (b)

nffect of diffsrent lewels of potach on height of
plant ( in cm) _

- - uy - v

Days after plantl_gg_

fraatzent ee= -

(Levcls of 30 60 90 120 150 160 210 At harvest

potash)
Kgg 40.25 - 65,35 90.58  104.39  115.03 11665 1%5.56 136.27
K,éb . 42,98 €8.25  95.86 '140.94  120.50  121.79  14%1.77  141.41
K450 42.92  T1.59 10%1.24  115.96 133.26 132.12  150.51  151.76
SEi 3 0.80 1-.T4 e s . ) . ‘ se .w
CDe(0405) e . 7.43 | T.44 1677 9.80  9.23 - 9.23
'Fr test (18) {1s) (sig)” = (sig) (sig)” (5ig) (sig) (sig)

L - L

NS o Hot significant

£¢
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and 90th days, the highest level of nitrogsn (150 kg

per hectare) was found to be superlcr to lower levels.

Rut the lower levels remained on par. ‘ At 120th day there
wee an increase in the mean height of plent with incremental
dcses of nitrogen. But in the latter stages the highest
level of nitrogen alons was significont in increasing the
mean height of plant. As stated earlier nitrogen teing a
key element of plant growth, 1ts effect on ths vegeiative
growth is reflected on the height of plants.

In the ocarly stages of growth the effect ¢f potash on
xean height of plant was not significant ( Sable 3 (b)),
Again, ss in tha case of numter of leéveu ver plant, the
lack of effect of potash on the haight of plants nmay be
due to the lesser absorption of potash by plents in the
early stages. The limited gbasorption of poiash in the early
stagee 1a 1? dzresrant with tho findings of the Tapoiba
Research Station where it was found that the maximum
'absorptlon of potash is only aftsr 3-4 months of planting
(Anonymouns, 1954, 1962).

At 90th day ths highest level of potash (150 kg
per hectare) was found to bs significantly superior to the
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iamr lovala in increasing the mean height of plants.

But the lower levels rewmained on par. | In all the remaining
stages the higher levels of potash hed a significant effect
cver lwar'lnals in incressing tho mean height of plante.

. But botween. lower levels there was no significent difference
The effect of potash in incressing the plant helght was -
veported by Pillal (1967) who found that the plant height
was significantiy increased by the appliecation of higher
doses of potash. Purewal and Dargon (1957) have aiso-
recorded inerease in height of colocasia due to application
of nitrogen and potash in Punjab.

The intsraction of nitrogen and potash hed no effect

in the height of plants as in the cese of number of leaves
per plent.

Be Yield attributes snd yield
1. Number of tubers per plant -

The data on mean numbter of tubsrs per plent are pre-
sented in Table 4 mnd their anglysis of varlance in
Appendix IV. e

Tha meulte show that neigher the levels of nitrogm
and potaah nor their ccabination hed any effect in



Table 4
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Effect of levels of nitrogen and potash on
nunter of tubers per plant .

- ey

Treatuents 350 R'IOO H1 50 Mean
350 .43 1150 10.40 10,11
Z400 10.50 10,70 | 9.28 . 10.16
1150 10.48 11.40 11.78 11.22
Mean 9.80 11.20 10.49 10.49

Ay

-

SEM + = 0.458
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increasing the mean mumter of tubers per plant. Although
the levels of potash had no significant effect, there was
an increasing trsnd on the moaen number cf tubers per plant

with highsr doses of potash. The above finding is 1n agree=
pept with that of Mandsl and Mohsnkumar (1972) who found
that there was not much difference in the number of tubers

per plant by the application of higher levels of potash
with the esme variety (i=165).

2, Number of unprodustive roots

The dats on mean numter cf unproductive roots per
plant ore presented in Table 5 and their analysis of
variance in Appendix V.

‘Tho date ehow that neither the levels of niirogen and
potash nor f;hou' interaction had any effeet in the meen
number of unproductive roots per plant. But a decreasing
trand in the number <f unproductive roots with the
increasing levels of potash was noticed. It is quite
natural that when there is an inereansing trend Lin the
numter of tubers per plant (Table 4) there will te a fmll '

in the numter c<f unproductive roots per plant. This may
probably be the reason why ths levels of potﬁmh could



Table S

Effect of different lovels of nitrogen ond
potash on numter of unproductive roovts per

plant
' EBD 4.53 5.28 4.28 4.69
K‘mﬂ 4,23 4.60 4.58 447
K450 478 433 3.9 4.3
Meazn 4.51 473 425 4.49




39

produce a dcoreaning trend in the mean nuxbsr of unpro=-

duetive roois.

3. length of tuber
The data on mean length of tubsr at harvest are

presented in Tatle € and their snalysis of variance in
Apponﬂli VI.

~ The resuits show that the levels of nitrogen and
‘potash and their combination had no significent effect in
incressing the mean length of tuter. But an increasing
trand in the length of tuber with increasing levals of
nitrogen was noticed. '

Since nitrogen is involved in the vegetative growth,
the prssent observation that nitrogen had no effect in
increaping the length of tuber ie in agrecment with the
findinge of Alsxander (1975).1n sweet potato. Pillai (1567)
ctserved that the effect of nitrogen and potash was not
significant in increasing the length of tuber in. tapicos.

4« Girth of tubsr

The Table 7 prasents the data on the mean girth of
tubers and their analyeis of variance ic given in

. Appendiz VII.



Table ©6

Effect of different levels of nitrogen
and potash on lengtk of tuter ( in cm )

- - e <

Treatments HSO Bi00 He 50 HMean
K400 20.65 22.98 22.60 22.07
Kiso 22083 21 .65 21 898 22 015
Mean 21.68 22.32 22.11 22.03

41
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Teble T

Effsct of differant levels of nitrogen and
potash on girth of tuber { in cm )

Treagtnento 8 N

50 100 Y50 feen
K50 14.53 14.78 14.95  14.75 "
K{oé 14.85 14.98 14.78  14.87
K450 1575  15.75  15.30  15.60
Mean 95.04 15.17 15.01  15.07

CoD«(0.05) for tho comparison tetwsen marginal
means = 0.70
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The results show that neither the levels of nitrogen

nor the treatzent ccmbinations had any effect on the mean
girth of tubere. But with increasing levels of potash there

was an increase in the girth of ituber. The highost level
of 150 kg X,0 per hoctare was found ai.gnj_.ﬁba.ntly superior
- to 50 kg and 100 kg X,0 per lwctere. Here again the effect
of niﬁrogan' £0llows tha sipilar pattern as in the case of
iongth of tubsr. )
In swee% potato 1% was found that vifrogen hig no
effect in increasing the girth of tuber (Alexandox;. 1973).
Pillai (1967) otserved that the higher levals of potash
increased the girth of tuber. Sinc‘e the potash is involved

in the synthesis of starch, the higher levels would have
enabled the uptake of mcre potash which in turn resul ted

in the increass in the glrth of tuber.
5. Height of the asrisl parts of plant

The data on mean weight of aerial parte are presentad
in Tabtle 8 and thelr analysis of variance in Appendix VIII,.

From the resultas 1t is secn that higher levels of
nitrogen and potash hed significant effect iﬁ"‘"""incraaaing
the weight of the serial parts of plant. Pillai (1967)
otserved that the welight of the vegetative parts of the
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Table 8

Effeot of different levels of nitrogen and
potash on waight of the asrial parts of
plant (in kg)

Treatrants | HSO H100 K150 Mean
Kso 2.330 3.200 3.700 3.076
X400 3,000 3.600 4.000 3.600
K150 4,100 3.330 %3 «450 3.626
Mean - 3143 J3.443 3.716 B.434

G.D.(0.0sg for comparison batweon marginal means = 0,290
CeD<(0.05) for comparison tetween combinetions = 0.450
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plants incroesed with the application of higher doses of

nitrogan and potash. The interaction tetween nitrogen and
potash was also highly significant in increascing the mean
weight of the serial parts of plant. The maxizmum weight of
4.100 kg was recorded under combinations of 50 kg nitrogen
and 150 kg potash par hectare whereac the minimum welght
of 24330 kg was noted at 50 kg nitrogen 'and 50 kg potash.

6e Ratic of flesh to rind in tuber .

The data on ths ratio of flezh to rind ars furnished
in Tatle 9 and thedir analyais of'varlarice' in Appendiz IX.

The results ehow that only potash had significant effect
in increasing the proportion of flesh to rind. The significant
Giffersnce noted tetween the highest level at 150 kg X0
and loweet at S50 kg K0 per hectare. As stated earlier, since
potash le involved in the starch synthesie, higher levels of
‘applied potash would have resulted in greater uptake of
potaeh whiloh in turn increased the ralativo-proporuon of
flesh t0 rind in tuber. This may probably te the reaaon

for the higher flesh to rind ratic at the higheat level of
~potash tried as compared to the lower levels.
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Table 9

Effeot of different levels of nitrogén and
potash on ratio of flesh to rind in -tuber

Treatments NSO N100 H150 Hean
KSO 7.03 T.74 6.95 T.24
K100 6.85 T.44 T.15 T.13
K150 T.75 8.25 8.94 8.13
Mean T.21 T.81 T7.68 T.56

C.D.(0.05) for comparison beiween
marginal means = 1.032
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7. 1ield of tuber per hectore

The data on the yield of tuters per hegtaere are preée
sented in Tatle 10 and their analyeis of variance in
Appendix XI end in Figure IV (a). ‘

i The yield data show that the incremental doses of
 nitrogen significantly incroased the yleld of fresh tuber

per hectare. With regard to potach the highest level

(150 kg K;0) eignificantly increassd the yield of frash

tuber per hecture a5 compared to ite lower levels. But
betwoon lower levels th.re was no significant differcnce.
Halmvdlta et 81.(1955) reportod that highest tuber yleld

in tapioca could bte obtained by doubling the dose of nitrogen,
russel (1961) found that the effect of nitrogen an root and

tubers will be perceptidble only on long éuration crops. The
proncunced increass in yield noticed in the present study

is in agreement with the above findings. l

X The nitrogen absorbed by plants are converted into
amino acids and protsins in the early stages of growth. Shus
with increased levals of nitrogen eupply, more protein is
produced which enables the plent leaves to grow larger and
hence a larger suvface btecowmes avai;ablo for photosynthesig.
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Table 10

The effeot of different levele of nitrogsn and
potash on yleld of tuber (in tonnes per he.)

Treataont ESO , H100 ﬂ150 hean
Kgq T st220  32.000 qgipzav 34110
K100 51.250  35.940  35.760 34.320
X450 38,360 38,360 37,280 38,000
Mean 33.610  35.460 37.360 35.4%0

[ 11 -y > b amp = S

C.D. 0.053 for comparison tetwaen marginal moans = 1.42
,Cel(0.095) for comparvison betwoen combinationa = 2.44
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In many crops the amount of leaf aree available for photoe
synthesis is proportional to the amount of nitrogen
supplied (Russel, 1961).

| The effect of potash in increasing the yield of taber
orope is well established. Russel (1961) stated that in ;
the early stages of growth, potassium incroases the leaf
area of the orop thus favouring better photoaynthesil.l In

addition potasoium aots as g corrective to harmful effects
of nitrogen andls often required for the orops recelving

bigh levels of nitrogenous manures. High ecrrelation
botween the percentoge of potassium and carbohydrate wos
found to exist in plants. According to Meyer and

Anderson (1952) potassium dces not entsr into orgenic comhie
nation within the plants. They remain in plantc as solubls
inorganic salts, thoir fundamental role in plants being
undoudtedly regulatory or catalytic. The carbohydrate
metabolism is disturbed by inadequate supplies of potassium,.

The increass in the yield of tuber dus to application

of potash in ths present investigation is in agreement with
the findings of white (1928), Grossman and de Assis (1951)
Silva and Freire (1968), Magoon et al.(1971) and Mandal and
Mohankumar (1972 a),
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Tha combination of nitrogen and potash also had
sizilar effect in increasing the yield of tutsr per hectare.
The highest yleld of 22.03 tonnes of tuter per hectare was
recorded with 150 kg nitrogen and 50 kg potash per hectare,
The loveat yield of 31.22 tons pei' hectare wes noted at 50 kg
nitrogen and 50 kg potash per hectare. The incroase in yleld
of tuber in tepioca due to the; caxbined aﬁpucuﬁon of
~nitrogen and potash has been roported by Abraham (1956) and
Pillei (1967).

The beneficial effects of nitrogen on length and that
62 potash on girth as well as their boneri.c;al effects on

the primary functions of plant growth would hcve contributed
to the increased yleld of tubers.

ouality charactsra
1. Fercentage of atarch

The data on the starch percentages of tutar are given
in Table 11 and ir Figure IV (b) and their analysis of
variance in Append:i.; X1I.

From the data it is found that the starch content of
tuﬁor inorcaxed with inéreaci'ng levels of nitrogen.
Russel (1956) ham pointed out that the erops grown far their



Table 11

The effect of different levels of nitrogen and
potash en starch content (%) of tuber (on oven

dry basis)

Treatuents Fgo ﬂH100 3150 Vean
L 68.80 .73 T6+65 72439
K400 | 69.23 T2.65 77.12 73.00
Kqe0 69.73 1303 1770 T3.48
'Mean 69.25 T2.47 715 72496

- - P S asl. -

C.D.{0.05) for comperizon tetwsen marginal means = 0.60



carbobydrates such es root erops benefit from nitrogen

manuring through increased leaf ares brought about by
nitregen which enables higher rate of photoaynthesia. The
inerensed starch percentage due {o the application of higher
dooes of nitrogen is 1ln agreement with the findings of
Pillat (1967) and Ohidanantha Pillei (1967) in tapioca
and colocasie respoctively. They observad that the higher
ievels of nitrogon increased the percentage of starch in
tuber and corma recpectively.

With regard $o potash the higheat level of 150 kg per
hectare was significantly superior to the lowar level
( 50 kg X,0 per I*:actare‘). The lower laovels plso differsd
significantly in incroamsing the percentamge of starch. But

there was no significant diﬂ‘erence betueen 100 kg K20 and
150 kg K20 per hactare.

The <ranslocation of the starch formed in the leaf
to the storage tuber 1s influenced by the metion of potash,
Tsuno and Fugisi (1965) heve shown that potash particlpates
in the protein metzbolism or in the hydration of tuber
tissues or both processes. I+t is fherefore posaible

that potash mny be amcociated with the photosynthetic



ectivity through partiocipation in protein zetabolism and
accelorsted transloeation of photosynthates from leaves

+0 tubers. Therafore the rosults obtained in the present
1nvoptigation are in agrecment with the findinge of

Pillel (1969) and XZumar et 81.(1971). The results reporied
by the Tepioca Research Statlon, Trivandrum also fully support
the above observation (Anon, 1957). Similar results have

teen observed by Chidananda Pillai t1967) in coloocaaism.

Th§ intaraction of nitrogen and potash was not signifioant

in 1ncweualné the percentage of atarch.

2. Nitrogen and cruds protein contents of tuber

The data on the nitrogen and crufe protein contents of
tater are furnished in Tables 12 and 13 and their analyeis
of varlanco in Appondicaa XIII and XIV reepeetrvely. The
. protein content of tuber is illustrated in Figure V (a).

The results show that nitrogen inoreased the nitrogsn
and crude protein content of tuber pfogresaively. But
contrary to the nbove a gradual reduction in ths nitrogem

and crude protsin contents of tuter was noticed with

increesing levels of potash. Malavolia et al.(1955)



Teble 12

§ffect of different lcvels of nitrogen emnd potssh
on nitrogen % in tuker ( on oven dvry taeis ?

Treatzent ~ Hgy  Fygp Hygy  Meen
- Xs0 | 0.3575 0.4362 0::505 ‘;:1137
_ ..‘,16-0 0.3146 0.4147 0.,4290  0.3861
Ryc 0.2717 0.3933 0.4147 0.3599
Mean  0.3U6 0.4137 0u1314  0.3866

C.D.{0.05) for compnﬁiuon tetwsen pscginel Eeans =0.0054



1 and
POIESO O CTUUS pruwcad Guldwau \2y wd tubters
( on oven dry basis)

-érea%mants HSO H1O° : ”&50 Méam
=“x50 2.210 2:?28 2.823 2.567 -
K400 1.930 2.585 2.650 2,398
X450 1,680  2.443  2.585  2.236
Mean 1.940 2.585 2.696 20407

CeD.(0.05) for comparimon boiween marginel meons =0.,036
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have found that the higher levels of nitrogon increased the
protein percentage of crcps. Investigation cdnﬂucttd et
the Tapioca Reseerch Station, Trivandrum revesled that the
spplication of nitrogen as smuonium sulphate increased the

nitrogen content of tubers while potassium showed a nege-
tive influence (Anon, 1960). Similar reaults'have teen
obtained by Pillat (1967) who otserved that orude protein
content of tuboré was significantly increased by higher
doses of nitrogen ané phosphorus while potash at 200 kg per
heotere resulted in significent reduction in the crude
protein content of tuber. Pushpadas (1968) also found that
there was a reduction in the oruds prbtein eogtant of tuber
with the application of potash. The combined affect of
nitrogen and potash did not show any significant effect

‘on the nitrogen and the crude protein contents of tuber.

3. Hydrooyanic acid contzant of tuber

Table 14 and Mg. V(b) present the data on the
hydrocyanic acld content of tuber. Thsir analysis of
variance is given in Appendix XV. -

The results show that the hydrocyenic acid content
of tutesr increased with increasing levelq of nitrogen.
There was a reduction in th® hydrocyanic acid cbntent_



tatle 14

Effect of differant levels of nitrogen end potash
on Bydrocyanic ecid content of tuber (in mg/kg of

tater)
rreatnent HSO "100 “150 Heon
1160 ' 3348 5726 | 4958 37.44
K150 - 32,94 36,18 59,96 36.36
Hean 54,20 -~  37.35 41.7T6 34.43

- ol -

0.J.(0.05) for comparison betwsen narginal mecns = 2.72



with the higher dose of potash le., 150 kg per hectars. The

above results ave in agreecent wj..t‘h the ﬂndinga of

Bruijn (1967) and Indira st &.(1972) who reported that the

oyénoglucoido content of tubers wes increased by the applie
cation or-nu‘mgen and decreased by potash.Pushpadas (1968)

also reported that there was a reduction in the "Linamarin®

content of tuter with the azpplication of potash.

Feonomies of manuring
It is ovidant £ron the Teble 16 that among the nutrie

ents tried the highest lovel of potash ie., 150 kg .0
per hectare gave the moximum profit of H.857.00 over lis
lowest level 1ile., 50 kg potash per heetare. But there was

no corresponding increase in the yield with the 100 kg K0 |
per hectare. It resulted in a losa of [3.,77.00 with regard

to nitrogen the higiwst level (150 kg H/ha.) gave the
maxicum proﬂ.l_t of #,625.00.

rmong the two nutri'entu tried potash gave the naxzimzum
profit followed by nitrogen. | |



Table 16

Economies of application of different leveis of nitrogen and
potash to tapioca

Extra cont

rice of a tonne of fresh tapioea tuber

Ievels of Yield of Value of Increase Cost of Profit cdue to
nuirients futers in producs or decrea- fertili- of fertili- the fertiligzer
in kg/ha. tonnes per aue over zers. zers over application over
heectare the lowest $hat of the the lowest level
level g loweat
Bse Rse B Bee Be
- Kitrogan ) :
50 kg li/ha. 33.610 10083.00 .e 250.00 ce .s
100 kg H/hg. 35.4%0 10638.00 555,00 500.00 250.00 305.00
150 kg %/ha. 37360 11208.00 1125.00 750,00 500.00 525 .00
Potash '
50 kg Kaolha._34.110 10233 .00 oo . - 140.00 Y .e
100 kg Kzolha. 34320 10296.00 63.00 280.00 14000 ~77.00 (loss)
150 kg Kzolha. 38,000 11400.00 1467.00 420.00 2t0.00 887.00
COS'ﬁ Of 1 kg Gf nitl‘ogen *e LN = 73.5 000
Coet of 1 kg potash w [5,2.E0

= [5:303.00

G



SUMMARY AND
CONCLUSIONS



SUMMARY ARD COHCLUSIONS

An oxperimunt‘ was conducted at the Coliegs of Agriculture,
Velisyani, with the objeot of studying the effect of different
levels of nitrogen (50, 100 and 150 kg N per hectare) and
" potesh (50, 100 and 150 kg K,0 per hectare) on the growth

yield and quolity of a high ‘ yielding variety of tapiocs,
Be165. The experiment was carried ocut in a 32 factorial

Randomised Block Design with four replications. NKitrogen
and potash were supplied in tha-rorn of smnonium sulphate
and auriats of potash rospectively.

The results of the experimsnt are sumiarised hereundert-

1. Bagal dressing of nitrogen and potash incressad the
nuuber of leaves and plant height,.

2. Different levels of nitrogen significantly incrcesed
the nusmter of lsaves in the early stages of growth,
The maximus numder of leaves was recorded at 120th
day afier plenting at 150 kg H/hectore.

3 Kitrogen significantly increased the plant height
at all siages of growth, The maximum height was
fecorded at harvest with 150 kg N/hectare.



4.

. 5.‘

6o
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8.

9.

10.

60

There was increase in the number of leaves on 90th

and 120¢h déy after planting due to potash application.
Haximun pumber of lsaves was produced on 120th day
after plenting by 150 kg K0 per hectare.

the different levels of potash increased the plant
height at all stages of growth except at 30th day '
after planting. The zaximunm height was recorded at
harvest with 150 kg per lmctars.

Levels of nitrogen and potash had no effect on the
nmunber and length of tuber.
Different levels of nitrogen and potash or thelr

ctaibinations aiso had no effect on the reduction of
unproductive roots.

The application of potash significantly incréased the
girth of tuber. The maximum girth of 15.75 cm was
recorded at 150 kg Kab per Iectare.

Fitrogen and potash individually ané in combination
incrsased the weight of asrisl parts of plant.

_The nitrogen and potach individually and in ccmbination

significantly incroased the yield of tubers. The
maxizum yield of 39.03 tonues of tubef per hectare was
recorded by the epplication of 150 kg miirogen and

50 kg potash per hectare.



1.

2.

13,

t4.

61

There was an incraese in the starch content of taber
with inoreasing levelts of toth nutrients tried.

The maximus per cent of (80.63%) starch was obtained
with 150 kg each of nitrogen and potash per hectare.

There was an increase in the nitrogen and crudt
protein ccntent of tuber with different llvels ot
nitrogen and potash. The maximum of 2.587% orude
protein wia recorded at 150 kg nitrogen and 50 kg
potash per hectave.

Significant reduction inthe hydrocyenic anid content

of tuber was recorded with the increasing levell of
potash. . On the other hand thore was an increaac 1n
the hydrocyanie ac.td oontant with 1ncmming lovah
of nitrogen. The mnxim hydrccyanic acid content of

39.96 mg per kg was z-tcoracd at 150 kg X por nectam

and the minimum of 32.54 mg/kg was noted at
150 kg K0 /hectare.

‘The highest ratlio of flesh to rind was onm:iaa for

an application of K 0 at 150 kg per leotare.

The different levels of nitvogan ‘had no effect in
increasing the rolative proportion of flesh to
rind in tuber.



€2

15. Maxiomum profit of RB.887.00 was obtaincﬁ'with the |
application of 150 kg xao per hectare and #.625.00
was obtained for the application of 150 kg nitrogen
par heotare.
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APPENDICES



Meteorological data rocorded at Velleyani

Appendix I

daring the crop asascn.

-

L)

Opp sesson period  Toiafall reiny  toemevatise s averse
days in degree hunidity
centigrade, %
Max. Min.

(1) (2) (3) (4) (5) (6) -
July 2 = July 8 58.6 2 28.2  22.3 a0
July 9 = July 15 8749 6 29,2  22.6 87
July 16 - July 22 6645 5 27.6 22.0 93
July 23 - July 29 189.9 7 28.0 23.0 89
July 20 - Aug. 5 76'6 4 29.1 235 .4 %0
Auge6 = Aug. 12 3744 4 29.1  23.2 92
Aug.13 = Akg. 19 2172 6 29.2  2%.4 92
AUg.20 - Aug. 26 28.0 2 290.3 23.1 g8
Aug.27 - Sept.2 .o . 29.6  23.2 84
Sept.3 « Sept.9 22.0 1 29.7 23.2 88
Sept.10 = Sept.16 39,0 3 28,5 23.1 69
Septe17 = Sept.23 145.0 5 29.1 23.7 89
Septe.24 = Sept.30 70.0 6 29.0  23.7 92 .
Oote? = Oct. 7 9.0 3  29.1 23.6 89
Oct.8 = Oct.14 103.0 2 3041 232 87
0015015 - Qcte2" 'y ) . 3}°-3 - 23-7 91
0Cte22 = Gete28 .o . 30.7 24.1 86
0cte29 « Nov.d P e 30.7 2301 a7
Hove§ = Hoveld . 22.4 1 29.3 22,8 a0
Nov.12. = Hov.18 8.6 1 30.5  22.3 88



Appendix I (Contd.)

March.19= March 19

(1) @ .G @ (5 (6)
NW-"S - HW-25 3305 1 ' 30.7 23 00 39
Kov.26 = Dec: 2 Y o 31.2 25.9 ’85
Dece 3 = Desc. 9 oo . .e 30.9  2%.3 a7
Dec.10 =~ DBO-16. . . e Z1.2 ~ 22.8 89
Dec.17 = Dec.23 D ee o . ..31.3 . 23.2 .89
ToCe24 = DOOJO e oe 31 o84 23 .4 86
]}'0031 - Jan-_ﬁl- '75 e ) [ X ) 31 05_ 2106 85
Jane T = Jan.13 . . 31.2 223 87
Jan.14 < Jan.20 40,0 2 30.9 22.4 89
Jan.21 = Jan.27 oo . 31.0 23 .2 89
Jan.28 e« Febe 3 o * . 312 25.4 87
Feb. 4 =~ Febd. 10 ve S 3141 23.2 88
Feb.11 - Xeb, 17 B P 3133 2542 88
Teb.18 - Yeb, 24 .o .o 32.2  24.4 69
Feb.25 = March.3 ' 63.0 1 32.1 23.7 89
March.4 = March.10 .o ’ 1.1 234 86

'Y s 31.2 23-9 88




Appendix II (a)

Analysis of variance tabtle for number of
leaves per plant at 30th day after planting.

3ource 08 ag Variance b3
Total 369.07 35 . .
Blook 22.79 3 7,59 1.15
traatent 188.43 8 23.55 3.58
X 150.72 2 65.36 9.94"
X 549 - 2° 2.74 21

¥ x K 52.22 4 13.05 1.98
Error 157.685 24 .

6.57

% Significant atl 1 per cent level.



Appendix II (b)

Anmlysis of varisnce tabla for mumber of leaves
per plant at 60th day after planting

Jource 53 at Variance F
Total 737.28 35 .o e
Block 96.50 3 32.16  2.56
Preatument 340.14 8 42.51 3,39
N 192.74 2 96.37 7.69" "
x 57.60 - 2 28,80 2,30

B xK 59 .80 4 22.45 1.79

Error 500, 64 24 12.52 .o

Lo 1 - an -y

w» Sicnlficent at 1 per cent level



sppendix II (c)

Analysis of variance table for number of

loaves per plant at 90th day after planting

Souroce 58 at Variance »
Total 1277.09 35 . .o
Blook €65.37 .3 221.79 18.16
Trentoent 318.28 8 38,76 3.7
N 70421 2 35.10  2.87
4 119.79 2 59.89 ' 4.90"
§xX 126,28 4 32.07  2.63
Erzor 24 12.21 ..

TS VORI 1D 40 D e

293.44

* Significant at 5 per cent lewvel



ippendix II (4)

Analyasie of variance table for number of laayes
per plant st 120th day after planting

Source v 58 afr Varizance F

Total B66.83 35 .e oe

Block T2 .69 3 24..2% 1.14
Treatinentd 286,08 8 35.76 1.68
H 46.56 2 . 2%.28 1.10
K 152.%4 2 76,17 3.59%
HxK 87.18 4 21.79 1.02

* Slgnificant at S5 per cent level



Appendix . II (o)

Analysis of variance table for numbter of liaven

_per plant at 150th dey after planting

Yariance

»

356,06

24

‘Source &8 ae

fotal 762,66 35 . .o
Block 366.00 - 3 122.0000 - 8.22" "
Treatzent 60,60 8 74,5700 Z 1

N . 2,20 2 1.1000 < 1

g 4400 2 2.0000 <1
HxK 54.40 4 13. 6000 £ 1
Frror 14.8300 .o

** Significant at 1 per cent level



Appendix II (£)

Analysis of variance tables for numter of leaves
por plant at 180th day after planting

-—_—— - . L L

Source sé df = Variance .5
Potal 714.15 35 . .
plock - - 199.23 3  66.41 3,97
Treatment 113.90 8 14.23 A
X 18,44 2 9.22 L1
X 1.58 2 0.79 x
NxK 93 .88 4 23.47 1.41
Error 401,02 24 1670 .

® Significant at 5 per cent level



Appendix II (g)

Analysis of varlance table for number of

lenves per plant at 210th day after planting.

Source 58 ag Variance L 4
Total 626.3 35 . .
Block 35.3 3 1.7 1.09
Treatoent 333.6 8 41.7 3.89"*
N 10.1 2 5.05 21

' 39.8 2 19.90 1.85
Hx X 263.7 4 70.90 6.62" "
Ervor 257.4 24 10.70 .

[ Sl -

#% Significant at 1 per cent level



" Appendix II (h)

Anslysis of varisnce tevle for totsl number of

lecven per plant at the time of harvest.

Source 58 a£ Varisnce )
Total 6B882.22 39 .o .
Block 275.30 3 91.76 41
Treatuent 2031.57 8 253.94 1.280
B 1044.20 2 522.10 2.650
K 853.20 2 416.60 2.110
FxK 154 .17 4. 38.54 0.196
Error 477535 24 196.63 .o




Appendix IIX (a)

Anelysis of variance table for helght of

plant 30th day after planting

-

Source 53 ' ar Variance P
Total 638.97 35 .o e
Block 253.09 3 B4.36 2.60"
Treatment  149.78 8 18.72 1.9

N 86.66 2 4% .33 4.42"
4 45.80 2 22.90 2.34
FxK 17.32 4 " 4433 |
Error 235.30 24 9.80 ..

* Significant at 5 po'r cent level
¢ Significant at 1 per cent level



Appendix III (b)

Analysie of voriance tabls for height of ihe

nlant in cm at 60th day after planting

Source 58 at Variaonce F
Potal 2353.79 35 .o .o
Block 186.20 3 62,10 1.67
Trestmnt 1317.58 8 164 .69 4.44™%
N 948,86 2 474 .43 12.79"%
K 2%4.22 2 117.11 3.15
N K 134,50 4 33 .62 Z9
24 37,08 .

Frrop 830.01

#» Significant at 1 per cent level

[y o T Y )



Appendix I1l (c)

Analysis of variance table for height of the

plant in cm 90i daysafter planting

Source SS af VYariance P
Total 4337.47 35 oo .
Block 109.69 3 36.56 L3
Treatment  2344.30 8’ 293 .03 3,73
N 1382.50 2 691.25 8.80"*
X 682,70 2 341.35 4.30%
Nxk 279.05 4 69.76 /1
Error 1883.48 24 78.47 .o

% Significant at 5 per cent level

»# Significant at 1 per cent level



Appendix III (h)

Analysio of variance table for total height of
the plant in ¢m gt the time of harvest

Py

Scurce SS ar Varicnce F
Totel 6087.50 35 . e
Block 65410 3 21.90 £1
Treatment 3193.60 8 339,20 3.38"
N 1029.40 2 514..70 4.36"
X 1457.37 2 748.66 6.35"
NxX 666,83 4 166,70 1.44
Ercer 2828.,20 24 117.80 .o

* Significant at 5 per cent level
w# Significant at 1 per cent level



Appendix III (h)

Analysis of variance table for total height of
the plant in ¢ at the time of harvest

Scurce 85 daf Variance F
Totsl €087.50 35 oo .o
Block 65.70 3 21.90 21
Treatuent 3193 .60 8 339.20 3,38
N 1029.40 2 514.70 436"
X 1497.37 2 748,68 6.357"
N x X 666,03 4 166.70 1.49
Errer 28268.20 24 117.80 .o

* Slgnificent at 5 per csnt lavel
#x Significant at 1 per ceni level



Appendix III (&)

Analysie of wariance table for height
of the plant in om at 120th day after

planiing
CoSource 85 ag Variance F
Total 5223,98 35 .o .
Block 113.25 3 37.75 <1
Trestrent 2756.54 8 544081  3.51%%
i 1108.04 2 554.02 5.64" °
'y 1277 .43 2 635.74 6.51%"
FxX 373.07 4 93.26 Z4
Errop 2352,19 24 98,00 e

#* Significant at 1 per eent level



Appendix IIX (e)
Apalysis of varisnce table for heighi of the

plant in c@ at 150th day afier planting

L

## Significant at 1 per cent level

Source . S8, ar Variance ¥
Totsl 13350.80 35 . .e
Dlock 3809.30 3 1269.70 ©  6.40""
Treatment A768.40 B 588.50  3.02°
N 1822.01 2 911.00  4.60".
x 2100.90 2 1050.45 530"
NxK 865.49 4 216.37 1.09
_Errep 4753.10 24 198.04 .

* Significant at 5 per cent level



Anslysis of variance table for helght of

Appendix III (f£)

the plant in ¢m at 1680th day after planting

Source 85 ag _ Varienoce by
Total 6342.60 35 . .e
Plock 78.00 3 26.00 44
Treatment 2970.70 8 371.30 2.70*
X 960.52 2 480.26  3.50
X 1489.05 2 744.53 5.43"
NxK 521.13 4 130.28 /4
Errer 5253.90 = 24 137.20

# Significant at 5 per cent level



Appendix IIL (g)

Anelysis of yarience table for height of the
plants in cm at 210th day after planting

Source S8 S 3 Veriance ?
Total 5870.99 35 .o .o
Block _ 87.63 3 29,31 ZA
Traatuent 2970.33 8 371,29 5,47
N 1005.61 2 502 .80 4.29"*
X 1388.02 2 694 .01 5.92%%
Nx K 576 .70 4 144,17 1423
nrror 2813.03% 24 117.20 -

- L

# Signillicont at 5 per cent level
*» Gignificant at 1 per cent level



Appendix IV

Analysis of variance table for
nunter of tubers per plant

Scures - 1< SR o Variance ~ F -
Total . . 112.60 5 - s - - ee
Block 1235 3 4.1 1.58
Traatoent 57.88 e 4.73 1.63
N | 14.45 2 7.23 2.79
K 10480 2, 5,40 2.08
NxK 12.63 4 3.16 1.22
Epcor 6239 2.59 .

L



Analysis of vaﬂenco table for numter

Appendix

S

" of unproductive roots per plant -

Variance

Sourse §3 aL

Total " T1.47 35 oo
Block 2440 - 3 0.80
Treatment 480 8 0.60
1] 1.40 2 0.70
K 0.78 2 0.39
Nk 2.62 4 0.65
Error T0.75 24 2.9

1
4 |
41
1
1




sprendix VI

Analysis of variance table for msan
length of tuber in om

Souroce | 35 . S 4 Varicnce r

Total 91.56 . 35 . ve

Blook 10.22 5 3,40 1.270
Treatzent - 17.19 8 2.14 /1
® 2.57 2 1.28 41
X 0448 2 0.24 L1
NxK 14.14 4 3,53 1.320

Erreor &017 24 2067 e




Appendix VII

Anrlysis of variunce teble for meen
girth cf tuber in ca

op an - L L1 ] - up ou wh =2 e

H

Source 58 af Yericnce F
70t 122,50 35 .o .
Block 6428 5 0.08 21
Treatrent 6.09 8 0.761 1.11
0,18 .2 0.080 £
K 5.40 2 2.550 3.740%
NxX CeBt 4 0.220 29
Sroop 15.41 24 0.633 .e

Significant at 5 per cent level



Appendix VIII

Analysis of iarianci table for weight of
the sarial parts of the plant

Source S5 ar Varisncce ¥
Total 13.48 35 .o .o
Bloek 0eT2 3 0,24 2.00
Treatzent 9.81 8 .22 10.16""
N 1.98 2 0.99 g.00"*
X 2,31 2 1.55 9,58
K xK 5,52 4 1.38 11.50""
Err 2.55 24 0e12

8

»% Significant at 1 per cent level



Appendix IX

Auslysis of varience tatle for the ratio
of flesh to rind

L " - -

Source 835 (i b 4 Yariance P
Totﬂl . 59030 35 ' [} ] X
Elock Z.64 3 1.21 0.T24
Treatent 15.48 f 1.94 1.16
) 2.36 2 2.18 1.30
X 10.31 2 515 - 3.08%
FExXk 2.8% -4 0.72 Z1
Arror © 40,18 24 1.67 .e

* 3ignificant at 5 per cent level



Aprendix X

Analysis of veriance table for yield
of ‘taber per plant

Source 55 ag Variocnce P
Totel 50473 35 . .
“loek 1.86 3 0.62 1.08
Treatment 35.08 8 4.38 7.68**
N 7.28 2 3.64 6.38" %
'y 10,72 2 5.36 9.40 "
HxK 17.08 4 4.27 7.49%"
Lrror 24 Q. 57 .e

13.79

e Significent at 1 per cznt level



Appendix XI

Analysis of varlance table for mean
yield of tuber

Source 838 4z Varliance .3
Total 315.85 39 oo .o
Block 1.4 3 00.38 x
Treatoent 260.1ﬁ 8 32.51 14.32

E 68.34 2 34417 15.06%*
4 92.92 2 46.46 20.46%%
B xK 85.85 4 24.T1 10.88""
Error 54«60 24 22T e

AP RS &

¥+ Signifieant at 1 per cent level



Appendix XIX

Analysis of farianea table for percentage

of starch in tuber

W ERD ik WP s T ) T 4 AT Y

Source 88 ag Variance ¥
Total 405.419 35 . .
Bloek 5444 3 1.80 3.30"
Treatoent 36711 8 48.38 79.96*"
N 379.60 2 189.80 38,81 "
X 7418 2 3459 6.70""
NxK 0.35 4 0.08 £
Error 12.69 0.53 .o

24

-

# Significant at 5 per cent level

% Significant at 1 per cent level



Appendix XIII

Analysis of variance tabls for percentage . of
nitrogen in tuber

- Sy el by S 4 dPar S SR 0h WP a8 SHME

0.01021¢6

Source S8 dat Variance F
Total 0.123890 35 . .
Bloek 0.001340 3 0.000440 1.47
Treatment  0.116741 8  0.014520 33.80""
N 0085746 2 0.047873  113.00™"
i 0.01£040 2  0.009020 20.90™*
‘NxK _0.002955 4  0.000738 £1
Error 24  0.0004208 .

#2 Signlficant at 1 per cent level



Appsndix XIV

Analysis of'iariance table for percentage of
crude protein in tuber

Source 88 as Variance .
Total 5.33 . 35 . .
Block 0.05 3 0.016 £
Treatuent  4.63 8 0.603 32.20""
K 4,00 2. 2.000 101.95™"
X 0.74 2 0.370 19.07""
"xX 0.09 4 0.022 1.10
Error  0.45 24 0.0187 " o

L Significaht at 1 per cent Level



Appendix

v

Analysis of veriance tatle for Hydrocyanic acid
in mgfkg of tuber

Seurce S8 ag
Total 441,35 35
2loek Ba.22 3
praatment 407 .61 8
q 343.08 2
X 58047 2
Hx kK €.26 4
Egror 25432 24

oy ™

Yariance P
2.74 2.58
50497 48,08""
171.54 161.857"
29.23 27.57""
1.56 147
1.06 .

*# Significant et 1 per cent level

- v





