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INTRODUCTION

Tuber crops are the third most important focd crops
of man aftar cereals and graln legumes. Thay constitute
either the staple or important subsidliary food for about
a £ifth of the people of the world. The tuber crops are
important because they posgess high potentiality for
yielding large amount of food per unlt area and are biologl-
cally efficient producers of calories. Thz importance
of these crops can bz judged £rom their world coverage
of about 50 million hesctares and production of about .

500 million tonnes of tubsrs, In Indla, they are grown

in over 1.3 million hectares and preoduction of about

16.4 million tonnes of tubers (Nayar and Walr 1983), The
tropical tuber crops including cassava and sweet potato
account for sbout a half of this area and production. Area
and production f£igures for the other €tropical tuber crops
are not available, but they are known to be cultivated

throughout India. These include the yams (Dioscorea SppD.).

aroids (Amorphophallus Colocasia, Xanthosoma etc.)

coleus and arrow root which are grown in homesteads or
in framented holdings under mixed and multiple croppling

systema,



among the minor tuber crops Coleus parviflorus
(syn. C. tuberosus) is an important one grown extensively
as a vegetable in most of the homestead gardens in Kerala
and in parts of Tamll Nadu and Karnataka. It is commonly
known as Koorka or Cheseva kizhangu, chinease pektate or

poorman's potato. It is grown for its small edible tubers
which can be used as a subgtitute for potato.

Coleus is believed to ke a native of Africa. Thes
crop thrives well under troplcal and subtropical conditions.
The total area and production in Kerala are not correctly
estimated as its cultilvation is mostly restricted to home-
steads., So a survey on this aspect is essential to bring
out its importance. Coleus is baing cultivated in vafious
parts of Palghat, Malappuram, Wyanad and Trivandrum districts
of Kerala., The tuber 1s a common vegetable in all households
and 1ts food value compares favourably with most of the
other tuber crops. Being a short duration crop with the
growlng period extending upto £ive months, 1t can be
cultivated during the rabi seazson.



The ylield of minor tuber crops in Kerala is only
20=-80 g/ ha (Hrishi and Nalr 1972). 7These ylelds are
very low compare@ to that registered in other tubare
crop g;owing countries and the average yield can, no doubt,
be increased ﬁg.two to three fold with the use of
improved varieties and crop Menagement practices.
Research work on minor tuber ¢ropgc in Kerala ls moagre
and for coleus only littlé published déta regaraing
various agroncomic practices are avallzble, Packaga oF
practices for the sciontific cultivaticn of this crop has
to be develcped. Though there ave a number of agroncric
problems which requisa investigation with regard to
this crop, immediate attention is to be focussed on the
nugritional requiremsnt and their time af application

for fotching high yields.

Thyagarajan (1269) reported the beneficial effacts
of application of fertilizers to colsus. The results
£rom his studies indicate that Zurther investigation with -
various 1lsvels of nitrogen and potassiumi are necessary
0 arrive at the optimum and economic dose of fertiliszer
under difieresnt agroclimatic conditions. The spacing
and manurial trial conducted at CQQOﬁut Research Station,

Nileswar, Kerala indicated that optimum requirement of



nitrogen and potassium were 80 kg/na each for that
region. At present there are no proper recommendations
on nutrition aspact and timz Of application of nutrients

to this crop for the Southern districts.

5o the present invegtigation was undertaken with

the following objectives:

1, To £ix an'optimum dosa of N, ¥ and K for

Coleus parviflorus

2. To assess the effect of the major nutrients
on growth and yield of ths c¢rop;

3. To find out a sultable timo of applicatios of
fertilizers to this crop:

4, To investigate the effect of N, » and K on
quality of tubkers:

5. Tc work cut the economics. 0of produciion of

Colaus marviflorus.
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REVIEW OF LITERATURE

Though eoleus {(Coleus parviflorus) is being

grown as a vegetable in many part of the world only a

few works seems +to have been done on this crop and
reported data avallable as to its manurial requlrements
are meagre. However, the significance of fertilizer
application in increasing the yield of other tuber erops
has been brought out by experiments conducted in India

and abrozd which are chiefly concerned with the affects
produced by nitrogen and potassium, The review of

these works done on potato, sweect potato and Dioscorea spp

are glven bslow.
NITROGEN

1. Effect on growth characters
a) Helght and spread of plant

With the application of 56 kg N/ha the length of

vines in swaet potato significantly increased over no

nitrogen (Purawal and Dargan 1959).

Dubey and Bhardwaj (1971) noted that nitrogen
increased plant helght in potato compared with control

recelving no nitrogen.
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Field trials were conducted by Krighnappa and
Shivashankara (1981) with potato, cv. Kufri Chandramuki
to study the responses of potato to two levels of
nitrogen (80,120 kg/ha) and its time and method of.
application on red laterite solls of Bangalore. They
had shown that application of nitrogen increased plant
height significantly.

Nambiar et al.(1976) reported that increasing
rate of applied nitrogen had no significant effect on the

length of vines in sweet potato at Vellayani.

b) Humber of branches and leaves

significant increase in vine production in sweet
potato was observed for each increment of nitrogen

applied from 'O' to 134.4 kg/ha (Johnson and Wares 1948).

vMorita (1967) had shown that high proportion of

nitrogen resulted in vigorous growth of sweet potato.

In a trial conducted by Dubsy and Bherdwsj (1971)
oh potato it was noted that nitrogen increased number of

branches per plant.

Krishnappa and Shivashankara (1981) obtained increased
fresh weight of haulms with ilncreasced nitrogen application.



On the contrary Nambilar st ale. (1976) reported no
significant effect on weight of vines in sweet potato

at harvest with increasing rate of nitrogen application.

1. Effect on yleld and viald attributes

increased yield of sweet potato tubars was noted by
Pureval and Dargen (1959) by the application of 56 kg N/ha

Gupta (1969) had shown that application of -50,100
and 150 kg N/ha to potato cv~K~122 increased the tuber yields
by 37.1, 59.6 and 81.2 g/ha respectively, compared to plots
given no nitrogen (18.7 g/ha).

An experiment with coleus crop laid out by Singh
and Maini {(1969) with six levels of nitrogen (0,20,40, €0,
80 and 100 kg/ha) showed that the tuber yleld increased
significantly with increase in nitrogen from 0 to 60 kg/ha

and beyond that there was no positive responsc.

bubey and Bhardwaj (1971) in trials with potato
using & basal dressing of 50 kg P,0; and 75 kg Kzo/ha
and 0, 100 or 200 kg K/ha had pointed out that nitrogen
increased the fresh and dry weight of tubers per plant
compared with controls given no nitrogen. ¥Yield of tubers
was 4846 per cent and 42.0 per cent higher than the

controls, with 100 kg and 200 kg N/ha respectively.



Mandal ot ale. (1971) observed that for sweet potato
in the red loam soils of Kerala maximum tuber yield was
obtained at 100 kg N/ha which was not significantly superior
£o 75 kg nitrogen/ha. Maximum drymatter content was
noticed at the niltrogen dose of 75 kg/ ha.

Dasgupta and Ghogh (1973) revealed that increasing
the rate of nitrogen £rom 0 to 200 kg/ha applied in addi-
ticn to a basal &xessing of 89 kg P,0; + 68 kg KZQ/ha
produced linear increases in tubesr yleld of potato culti-

vars.

Trials on the cffect of different levels of nitrogen
(0.20.40,60..60 and 120 kg/ha) on Dioscorea glata were
laid out at Central Tuber Crop Research Institute,
Privandrum for twWo yoarse The results showed that nitrogen
levals upte 60 kg/ha along with the faxm yard manure at
25 tong/ha and P,0; end K,0 at 80 kg/ha had significantly
Influenced the tuber yield and guality constituents of
yams (singh gt al. 1973).

Nambiar ot al. {1976) reported that incraasing rata
of applied nitrogen significantly increased the number of
tubers par plant ln gweet potato. Tuber yvield increased



with increasing the rate of applied nitrogen, being
8e1 t at 50 kg N/ha 9.4t at 75 kg N/ha and 10.5¢ at
100 kg N/ha.

Talleyrand and Lugolopez (1976) conducted field
triasls with sweet potato cv. Blanquito using 0, 10, 20,
40 or S50 kg N/ha., Highest (14.5t/ha) and lowest (7.9t/ha)
tubor yields wera cobtained with 40 kg ¥ and 0 kg N/ha

respectively.

shukla'and singh (19768) pointed oﬁt that in potato
increasing the nitrogen rates £rom 0 to 75, 150 and 225 kg/ha
increased afarage tuber yiclds £rom 6.52 o 19.44, 26,50
and 27.71t/ha respectivaly.

In an experiment conducted at Hileswar (Aron 1978)
on coleus it was found that raising the nitrogen level f£rom
40 to 80 kg gave an additional yield of 692 kg tuber/ha
which was significantly suparior to 40 kg H/ha.

Grewal et al.(1979) reported that application of
0,40,80 and 120 kg ¥/ha to potato gave average tubar ylelds
Of 1704, 28¢4, 37.5 and 3B.5 t/ha respectively; the
difference between the lazst two nitrogen rates was not

significant,
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Krishnappa and Shivashankara (1981) also cbserved
significantlincrease in potato tubar yield with increased
nitrogen apﬁlication. It also increased number of tubars
per hill,

Effect of nitrogen_on tuber size snd nunboer of marketable

tubarsg

In an experiment by Gupta (1569) it was shown that
the rield of "ware tubers"” (diasui> 5 em) in potato increa-
sed linearly with increase in the nitrogen rate.

Dean (1971) obsexved that the size of tubar in gwgat
petate was influsnced by the ndtrogen content of the
medium and that nltrogen had no effect on the number of
tubers per plant. The presence of a high lavel of nitrogen
in the absence of potash was responsible for long tubsers
while the presence of potash in the medium reduced tuber

length considerably.

Dasgupta and Ghosh (1973} did not obtain any propore
ticnal iacraase in the number or size of tubers in potato.
Nitrogen application in gencral waz found to stimulate the
initiation of more tubers of biggex size in each variaty
tried, Tho greater growth of the tubers under high nitrogsen
fertilization pos=sibly indicated greater translocation of



photosynthates from a relatively large source formed to

the aver incrasasing sink.

Shukla and Singh (1976) raported that increasing
nitrogen rates from 0 to 75, 150 and 225 kg/ha increased
tubor greade in potato.

Talloyrand and Lugolopez (1976) coaducted trials in
potate using 0,10,20,40 znd 50 kg N/ha. Highest marketable
tubor yields (146t/he) ware obteined with the application eof
40 kg/ha oFf nitrogen.

In ancther experimsnt with potato at saveral locations
using nitrogen £rom ¢ to 336 kg/ha, Munrc gt al. (1977)
got increased percentzge of 'A' sige tubsrs by the applicas-
tion of nitrogen upto 13¢ Kg/hae

Grewal gt al. (1979) also raported that applied nitrogen

increased tuber size in potatos

Bffect on nitrogan conkont and uptake

A positive correlaticn between nutxient contauts of
sweel potato tubers and vegetative parts during ths growth

period wes obsarved by Mica (1969).

Hair gt al.(1976) in their study on the effect of levels
and time of application of aitregen oa the uptske of nitrogen



by three sweet potato varletlies found that there was
increase in total nitrogen uptake‘ﬁpto 100 kg N/ha,
differences 1n uptake by tubers contributing to differe-
nees botween levels of applicatlon. Mica and Vokal (1978)
had shown that application of 150 kg N/ha gave bast

- results in total nitrogen uptake. |

~ Grewal gt al.(1979) pointed out that applied nitrogen
1hcreased leaf nitrogen conteat and nitrogen uptake by

tube:fa .

Rao and Arora (4979) observed that increase in
nitrogen rates increased the total nitrogen uptake and

tubar nitregen contents.

Inpat trials with potéeo, Wunach =nd Hunnius (1980)
reported'that applied nitrogen increased the.nitrogen
content qf haulms considerably and incrsased that of
tubors less markedly. The highest rate of applied
nitrogen increased the nitrogen content of leavea, stems
and tubers, { S5, 1 and 0.5 _per cent raspectively, compared

with untreate& contrels.

" But Miea (1969) raported that there was however,
no significant relation between nutrient content of

tuber and rate of fartilizer application.



13

Quality of Tubers

significant decline in both sugars and starch in
sweat potato tubers resulted as a conseguence of nitrogsn

supply (Dean and Lashsen 1969),

Singh and Maini (1962) reported that coleus drye
matter coatent incresased with increase in anitrogsn laevel
uptc 60 kg/ha while maximum cavbohydrate and crude protein

content were noted at 40 and 80 kg N/ha respectivelye.

Wilcox and Hoff (1970) had shown that 84 kg N/ha
increased tuber crude protein content £rom 9.5 per cent
t0 12,9 per cent while the net increase of crude protein

@50k 1ha)
per acra in potato was 223 lbqh Added nitrogen was effac-
tively converted to c¢rude protein (48 per cent incorpora-
(Bhlatha)
tion) at the 75/3b rategéut poorly ( 5 per ceat incorpora=-

tion) at highar rates.

Mandal gt ale. (1971) obtained an increase in crude
protein content of sweat potato tubsr upto 100 kg N/ha
though nitrogen supply bayond 75 kg/ha falled to bring
about significant yield response.

According to Verma gt al. (1975) there was a nogative
linear relaticnship for nitrogen content and starch

content,
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shukla and Singh (1976) stated that increasing
nitrogen application incroased tuber protein content

but decreased starch content in potatos

wWwunsch and Hunnius (1980) also noted that starch
content was unchanged or slightly decrsased by hlgher
rates of nitrogen, with no relation to the nitrogan
uging ability of the cultivar used., Nitrogen fertili-
zation inerecased the protein aitrogen content by 15-%0Pescer:-

Effect of split application of nitrogen on growth of
plants

FPavourable sEfaet of spiit application of nitrogen
once at planting and again 30 days after planting on
moderating top growth during tubsr forming period and
anhancing top growth during tuber development perilod

has been reportod by Morita (1967).

In a similar experimont he observed vigorous top
growth as a consegquence of early application of nitrogen
on clay loam soils (#korita 1970)., He also observed
that delay in tho application of nitrcgen increased

vine slongation.

Effect on yield and yield attributag

In an experimant counducted at Central Tuber Crop

Research Inétituta. Trivandrum on coleus six lovels of
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nitrogen (0, 2C, 40, 60, 80 and 100 kg/ haj along with
three methods of application ( full dose as solil, full
dose as follar spray., and half dose as soll + %2 dosec as
follar spray) were tried. ing\results showed that
maximum tuber yield was recorded at 60 kg N/ha whan
applied nalf dose as soil + half dose as follar applie
cation (-Singh and Maini 1969). '

Sikka and Singh {(1969) stated thaﬁ in potato applica=-
tioﬁ of nitrogen in two éplit dregsings at planting and
thirty days after with the £irst irrigation gave‘average
ylelds of 230-231 gq/ha of tubers compared with 211 g/ha
on plots where the full nitrogen was broadcasted at
planting, It appears that the nitregan applied at plahting
alone was not wholly avgilablé to the plant. On the other
- hand earlier emergiﬁg_planta £rom the treatments receiving
split doses or where nitregen had ‘baen applied thirty
days éfter planting would Ea given photosynﬁﬁet;c activity
@arlier and-accgleraté tuberization and bulking.Supple-
mental nitrogen helpeﬁ in malntaining the functional life
of foliage during tuberlzation and resulted in f£inal yield_
' increasa.ﬁpiit doses of nitrogen extended functional. life -
of potato foliage permitting more tubers to reach a

marketable size,
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Ram (1976) pointed cut that top dressing with 50 kg
N/ha 35 days after planting increaseé the yield of crops,
given a bagal drassing of 100-150 kg #/he. The optimum
economic rate of nitrogen was 150 kg/ha, Application of
nitrogen in two split dressings wac superior to applica=-

tion in a single dressing at plantinge

Krishnappa and Shivashankara (1981) stated that
application of 80 kg N/ha to potato le. 40 kg/ha applied
to the soil at planting + 40 Kg/ha applied to the soil
at earthing up recorded the highest yield and appeared

to ba optimum Gosee

Sagar and Singh (1973) conducted trials in potato
using 0+~150 kg Ni/bha at planting with and without top
dressing with 50 kg B/ha at 35 days after planting.
Application of 100 kg N/ha at planting gave the highest
tuber yvieldse.

- Grewal gt al. (1979) stated that application of upto
80 kg N/ha to potato in = single dressing at planting
was superior to its application in split dressings but
£or 120 kg N/ha the split application was bettar.
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On nitrogen uptake and guality of tubars

In an experiment with coleus by Singh and Maini (1969)
it was shown that full dose of nitrogen applicaticn in the
s0ll gave the highest value of carbohydrate content whareas
half dose as 301l and half dose as follar spray xecorded
the highest crude protailn content. 1In £ield trials
Hunnius «nd Munzert (1979) found that starch ylelds are
maxdmum when applied at 80 + 40 kg B than when applied in
a sihgle dressing. Although stsrch content was decreased
by increase in applied nitrogen, at 160 kg N/ha it was -
further increased by splitting and dressings

In the trials by Sagar and singh (1973) two potato
cultivars wers given 0~150 kg N/ha at planting with or
without top dressing with 50 kg N/ha at 35 days after
planting., Application of 100 kg N/ha at planting gave
the highagst values for I uptake ahd tubar starch contents.
Nalr et al. (1976) reported that time of apvlication of
nitregen was found £0 have no consplcuous effect on

nitregen uptake by sweet potato.
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POTASSIUM

BEfect cn growth charzcters

Potapsium <dncraased the sige o2 the leaves in the
oarly part of the growing seascn, though this efiact
had disappearsd at harvest and that this initlal incrasase
was sufficient to account for the differences in yield of
roots without having to assuma any offect ¢f potassium

on the efficiency of photosynthesis (Watson 1947).

Russef (1973) stated that adequate supply of potassium
in the leaf is prooaily essential £or the photosynthetic
proccess €0 go on efficiently. Potassium acts a3 a correc-'
tive to the harmful effects of nitrogen and ip therefore
often raguired for crops receiving high levels of nitroe

genous Manures.

Godirey-Same~Agarey and Garber (1976 stated that
fertilizers contalning high potassium rates gave low vine
yiald in sweet potato. Potassium application increased

growih of tnbars (Bautista and Santiago 1981).

Effect on yleld and yield attributes

in an oxXperiment with potato it was reported that
highor application of potaessium was found to improve tuber
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efficicency. ‘aigher tuber efflciency was given by 180 and
120 kg K,0/ha then 60 kg K,0/ha. application of 180 kg
Kaofha gave significantly higher rate of bulking over
othoxrs (Shukla and Singh 1973).

Sharma gt al.(1976) noted that yields increased with
increasing X,0 rates in one year and upto 84 kg K20/ha

in the other year.

Coleus was féund to respond to potassium applications.
over pooled analysis spplication of potassium at the rate

of 120 kg/ha increased the yield Bg;627 kg over potassium

applisd at 40 kg/ha (Ancn 1978).

.

~ Verma and Grewal (1979i stated that application of
33100 kg K,0/ha increased tuber yields in potato.
Optimun rate was found to bs 77=72 kg ¥,0/ha.Bautista (1961)
in a pot culture study had chown that potassiunm application
- increased tubsr yisld from 036 kg/pot with no potassium
to 0,57 kg with 600 ppm pqtassium.

Lffact on tuber silze and marketable tubars

Potash Zeortilizers influcnced slze and shabe of Swest

potato (Zcott 1950).
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High percentage of mdrketable tubars was

obtained by potassium fertilizations to Dloscorea spp.

(Obigbesan gt ale. 1982).

Sharma et ale. (1976) reported that sppllied potassium
increased yield of large tubers and had no significant
affect on ylelds of medium and small tubers in potatoe.

verma and Grewal {1979) got increased tuber ylelds
in potato mainly by increasing tuber size by potassium
fertilization.

Effect on uptake and guallty

Applied potassium increased tuber potassium contents
and uptake in potato (Shamma gt al. 1976)

Belyaev gt al. (1982) got highaest tuber starch contents

in potato with 20-25 mg K,0/100 g soil. Ths optimum K,0
contents in tubers and tops at harvest were 2.9 = 3 and

4.7 «6.,6 per cent respectively, to obtain highest tuber
vields and 1.8 = 2.2 and 1.9 =~ 3.6 per cent £or highest
starch content. The starch contents on potassium deficient
soll without applied potassium were 8.8 =10.7 par cent.

They were increased to 13.4 -15.4 per cent with optimum



rates of applied potassium and wera decreased o
11+1 = 13.4 per cent with further increases in potassium

ratag.

scott (1950) revealed that potash had no significant

influence on the starch content of sweet potato.

2ffect of split application of potassium
on_growth, yicld and uptaks

Highest yield of dry matter/ha was obtained for
potato at fertillizer levels of 130 kg H, 80 kg 9205 and
920 kg Kzo/ha with split applicatlion of potassium at
sowing, at earthing and bulking. Recovery of applicd
potassium was highest (45 per cent) with three split
appl;cation and lowest with a single basal dressing at
sowing (shukla and Rzo 1974).

Potagsium has been identified as being necessary for
rapid translocation'of nutrients at the later stage of
tuberization and bulkinge Split applicaticn of potash is
aggoclated with efflcient absorption and trangslocation of
nutrients from the soil =nd foliage. This technigue
achleves qulck racovery of the applied nutrients and
comparatively better control over equilibrium betwesn
vegetative growth and bulking of tuber (Shukla and
Singh 1975).



Shukla and Singh (1976) obtained highest yleld and
bast autritive value'of potato tubers with 160 kg Kgofha
given half to the soil and half as foliar application.
Split‘applicaﬁimn of potassium resulted in the graatest
uptake of potassium., They also revealed that tuber
starch, protein and ascorbic acid contents increased
with incroasing potassium application and wera graatest
with 50 per cent to the soil + 50 per cent as foliar

SPpraye

Krishnappa and Muddappa Gowda (1379) stated that
100 kg K,0/ha applied in three split dressings (50 per cent
at planting and the remainder in 2 egual foliar gprays
40 and 54 days after planting) gave the highest average
tuber yield of 32«54 t/ha compared with 26.65 t with NP;

it also increased the proportion of large tubsrs producaed.

Effecﬁ'of combined application of N, P and X

N, P and K in warious combinations increased yield
of vines, while PK combinaticnse decreased vins yield in

sweet potato (Yong 1970).

Kamel (1875) reported that pheosphorus and potash

deficiency in soil decreased leaf area in potatees..
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Applied potassium increased growth, leaf area duration
of photosynthetic activity of leaves and tuber yioldg.

Azih (1976) revealed that the maximum leaf area pen
plant was found in plants receiving 80 lbs nitrogen and
160 lbs potassium per aczre. This was followed by plants
supplied with 80 lb; nitrogen and 80 lby potassium per

SCLe

Hafiguddin and Hagque {1979) found out that length
of vine per plot was not affected by nitrogen and potash
traatments in sweet potato. The number of branches per
plant and walght of vines par plot were maximum with 78.52 kg

N/ha and no potassiums

on vield and yield attributesg

Yong (1970) reported that N, K and NPK increased

yleld of tuber in potato, while P had no affect.

Misra and Mohanty (1973) obtained highest yiecld of
tubers when potato varlety Xufrl gSindhuri received 160 kg N,

80 kg P,0; and 160 kg x;zo/ hae

The response of Dioscorea esculenta to four levels

of nitrogen and £ive levels of potagh was tested in a
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factorial experiment by singh gt als (1273). The data
revealed that the tuber yield increased progresgively
‘with the increase in nitrogen application upto 80 kg
and 120 kg Kzofha but derclined with further application

!

of nitrogen and potassiume

Varis (1973) revealed that highest yield of tuber
dry matter was obtained with 100 kg N/ha and 174 kg
?zos/ha while thz effcct of potassium was not signifie-

cante

Azih (1976) reported thaf nitrogen depressed the
yield when 1t was combined with potassium at the highest
levaels 0f each. A gradual increase in weight of tubers
was also noted along with the increment in nitrogen and
potassium., Maximum welght of tubers was obtained in

,@qta/@

plants receiving 80 lb N and 160 1b %kper crce £ollowed
by plants receiving 80 lb R and £0 1b K per acre. C%‘%Gl@f@

Godfrey-Sam-Aggrey and Garber (1979) had shown that
in gweat potato fertilizers containing high potassium
rates an&N/R ratio of 34 gave maximum tubor and low vine
ylelds with low vias bo tuber ratios on intensively
cropped areas'whareas fartllizers containihg lowar

potassium rates and an H/K ratio of 3:i gave maximum but
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relatively high vine tuber ratios in newly croppad

arsap after seven years bush £allow.

Highest tuber yields of 22,2 ¢/ha was obtained by
application of 180 kg N + 50 kg 9205 + 50 kg Kzo/ha
followed by 20s4 t/ ha with 180 kg N + 50 kg P,0./ha
as comparsd with 10,7 t/ha without nitrogen. phosphorus
and potash (Krishnappa and Gowda 1976).

Azinh (1976) had obzerved that applications of
672 kg R + 134.4 kg K20 to yellow yam gave the highest
average tuber yields of 21 t/ha compared%%GS t/ha without
N, P and K. Fortilizors had no adverse affect on tubsr
quality during storages.

Grewal and Trehan (1979) proved that tuber size and
vield and phosphorua\and potash uptake were significantly
increased with their application. The direct and cumula-
tive effaects of phosphorus and potash were significantly

better than their residual effects.

Hafizuddin and Hagque (1979) obtained tuber yields
ranging £rom 22,14 t/ha with no fertilizer to 29.13 t with
39426 kg B + 84,14 kg K/ha in potato.

!
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Ioua (1979) reported that maztdmum tuber yield in
potato was obtained with an opplication of 232 kg Kzo/ha.
Positive nitrogan aﬁd-ﬁotaah interacticns generally
occurred, the optimum application of nitrogen being

approximately 150 ka/ha.

Patal and Patel (1980} had shown that potato ylelds
were highest with 150 or 200 kg/ha each of N, 2,0y and
K20 with no significant'difference batween thesa two N,

P and K rates.

The resulis of Muthuswamy gt ale. (2981) indiceted
that in sweet potato nitrogen application had‘signifiQ
cantly incrsased tﬁa tuber }iald over’ccntrol out the
difference botween 50 and 100 kg H/ha was not appraciable.
Potésh levels though did not have any significant influence
on the tuber yield had increased the starch content.

Purewal and Dargan (1959) on ths other hand observed
that application of 50 ib nitrogen per acre increased the
welght of swest potato tubsrs by 27.5 per cent and applicas

tions of phosphate and potash gave no £a6DON5a.

Effect on gizs of tubers

Application of 120 1b N + 90 1b P05 + 60 1b KéQ/écre

produced the maximun number of grade ‘A! tubers in kweet

‘ )
potato (Miah et al. (/97®
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white &t 8. (1974) noted that increased rates
of nitrogen and potash resulted in increased total yields

and percentage of ‘A’ sizg tubers.

Proportion of small tubers decreased with increasec
in ¥ P K fertilizers and that of madium and large tubers -

increased in sweet potato (Widdowsen.and Penny 1975).

Gupta and Saxena (1975) stated that increasing
. nitrogen rates from 0 to 240 kg/ha increased percentage
of large tubers in potato. Application of 60-80 kg Paoslha

had no effect on yiecld of various grades of tubers.

-~

Loue (1979) pointed out that nitrogen and potash
fertilizers increased the size of tubsrs but decreased

the drymatter content in potato.

Effect on nutrient uptake and quality

In an experiment on Dioscorea esculenta it was found
tﬁét the percentage of dry matter was not much affected
by varying levels of nitrogen and potash fertilization,.
The stareh content showed a slight incraase upte 40 kg N
per hectare and crude protein content increased upto

80 kg N per hactare. In the case of poctash, starch content
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showed 2 slight increase upte 46 kg N per hectare and crude
protein content increased upto 80 kg ¥ per hoctare. In

the case of potash, starch content responded upto 120 kg

KZO per hectare while the sugar content increased upto

80 kg K,0 por hactare but the maximum crude protein content
in tubers was recoxded at 40 kg K,0 per hactare (Singh gt al.
1973), '

Yaris {(1973) revealed that nizrogen fertilization to
potatoes increased the uptaks of H, P and K, Ca and Mg.
Phosphorus application increased the uptake of N, K, Ca
and Mge. Potaseium applicaticn had no effect on I, P or K
uptake but the uptake of P was reduced by a heavy N K appli=-

cation,

Gupta and Saxena (1976) reported that nitrogen
incraased tubar protein contents and Gecrsased starch and

érv matter contantss

Mathuswany and Krishnamoorthy (1976) stated that
tuber protsin contents were increased with 50 kg Kzo/ha

and o " 400 kg Kaq/ha and were not affected
with N or P,
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As thae rate of potassium but not phosphorus
application was incrcased thie percent dry matter was
decrsased, Potassium and Phosphorus applications
reduced protein content and firmuess 0f canned roots.
Potasasium sliightly increased crude £ibra conient in
potato (Constantin gt al. 1978)

Loug (19792) reported that nitrogen and potash
removal increased with increasing applications of

nitrogen and potash fertiligers rcespoctively.

Singh and Grewal (1979) observed that in potato
translocation ©f nitrogen, phosphorus and potash to
tubers increased upto harvesting. Uptake of Nitrogen
and po#ash was highest during 30-50 days after plenting
and that of phosphozus increased linearly upto 80 days

aftar planting.



MATERIALS AND METHODS



HMATERIALS AND METHUDS

Tha response of €oleus to differcent levels and timings
of nitrogen and potassium application was investigated in

a statistically laid out £ield experiment.

Expaerimental site
The experiment wes conducted in ths Instructional Faﬁm
attached to the College of Agriculturs, Vellayani. The area

was under guinea grass for the past three yearse

Solil

The soil of the experimental area 1s red loam. Hoachands
cal composition and chemical properties . of the soil are

given bolov.

Mechanical composition

Table 1{a)
| Gravel 289%
Coarse sand 25e4%
Fins sand 2715
Silt 24 .8%
Clay 19,8%




Chemical properties

Pable 1(b)

Total Nitrogen (kg/ha) 2520 kg/ha todified Microkjeldahl

mathod
Available P,0, {kg/ha) 65 kg/ha Bray's method
Available K,0 (kg/ha) -64 kg/ha Amncnlum acetate
mathod
pH ' . 51 1: 2.5 soil solution

ratio using pi mater

Sgason and weather

The exXperiment was startéd dufing the second week of
July 1982 and completed by the last week of Novembar 12882,
The waekly average of temperaturs and relative humidity
and weekly ;otals cf rainfall during the croppiang period
and monthly averages f£orxr the past twenty four years are

resented in Flgel and Appendix I respectively.

Materials
Seed material

The tubsrs of the local variety of éoleus required for
the axperiment was obtained f£from the Instructional Fapm,

Mannuthy.
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Manuraes and Fertilizers

A uniform basal application of cattle manure at the
rats of 16 tonnes per hectare was given to all the plots.
Fertilizere,contaihing the following analytical valuess

were used in the exparimoent.
1, Urea = 46% Hitrogen
2+ Suparphosphate - 163 9205

3e lMuriate of potash - 60% K20

Methods

Layout of the experimsnt

The experiment was leaid out in g factorial 52 %X 2
Randomised Block Design with 2 replications. The lay out
plan is glven in Flge2.

Traztmeonts

(a) MNitrogen levels (N)
N, = No nitrogen
1 =30 kg N/ha
5 = 60 kg N/ha
N, - 90 kg N/ha

N
M

N =120 kg N/ha

4



N KT, N KT, | BuLy N KT N K, T, | NK, T,
N KTy N KT [ N e T, NOKT [ NG R T NGKT,
Ny KT | MR T | Na%, T, NoK T | M KT, | NoK,T,
NyRT [ N KT N KT N T [ N, T N KT,
N 5K:ST= u° K..Ta. ™ ‘K o0 N R L\ N K T2 N‘ K4Tq_
N K T B [ N KTy N Ty | N KT K Ta,
“a.“ ot | Mo T | N 3 KqTa. N K.;T:. Nz 114 s N N “'4"!
N KaTz N Kﬂ'r’_ N kT MoK | N, KT | NOKT,
H KT | Ny KT, | N T, Ns“:s"l N KT TN R T,
NaKoTa| Mo %T [N KT, N W T [ MoK, Ta | Moo T2
Waki Ty Mo T No", T P TR NKST, [ Na%aT
n 1_»\171 N 4“91-' N° Ka'r‘ N4 K°1' . N A Ka_‘ra N X 4."-.\
N:s"‘eimrl Ny M-.\.Tﬁ. NA“IT: N'.LK‘I T\ N,k 1Va NS“G.T';
N R Ta| M %aT | MeRaT MR | M yTa | Na¥e Ty
N KT NKT, H‘ Kq.ra NAK'ITl “aKaTa NI.R:.T:
N‘Kzfl N,_KET' “lka.rl N°K°Tt I'\laltl'l',L N l“aTl
N Kot [NaRaT | NyHgT, BuwLk N4 % N K

TREATMENTS
wiTrocaN ( kg / hq.)

Ng — ©

Ny . SO

Ng - 6o

Nz -~ 90

Ny - 120
PoTASH (Kg / ha)
Kg~ ©

K; - 30

Ko - 6@

Kz~ 96

Kg- 120

TIME oF APPLICATION
Ty — ENTI\RE DOSE
BASAL
Ta - Y2 N,Va Kk BAsAL
Ya N, Yz 4 30 DAYS
AFTER PLANTING

RPIG: T LAY-OUT RLAN - RANDOMISED BLOCK DESIGN




(b) Potassium levels (K)
KD - Ho potasai
K, '~ 30 kg K,0/ha

- 60 kg Kzo/ha'

Ky . = 90 kg K,0/ha

«120 kg K,0/ha

(c) Tima of application (T)
'Tl - Entire dogse as basal
'TB - 2 N, Y2 K basal

- Y2 N, %2 X 30 days after planting.

Phosphorus was applied as a uniform basal dosa of 30 kg

Paos/ha to all plots,

Troatment combinations - 50

Raplication - 2
spacing -~ 60 cm x 15 cm
Gross plot sgize _ - 3s6m X 2.4 m

Tﬁo border rows and one destructive row were loft.

Nat plot size - 1ls8 m X 2.4 m-

Sampling technigque

Five plants were selectaed at random from each plot for
recording perlodical bilcmetric observations leaving tha

border and destructive rowss Two plents vwere uprcoted



poeriodically from the destructive rows left out for

cbservations on leaf arsa index and dry mattsr production.

Field culture

Praparation of field

The experimental area was dug twice, stubbles removed
clods broken and the field was laid out into blocks and
plots. Each plot was formed into a ralsed bed of 15 cm
helght, The beds wera levelled and farm yard manure was

incorporated uniformly to all beds,

Fertilizor avpplication

Full doze of phosphorus as super phosphate was applied
along with basal dose of nitrogen and potassium according to
treatment. Among £i€Ly plots, two plots woere treated as
control plots. Out of the balance 48 plots, halg the
number (24) received full nitrogen as uktea and full potassium
as muriate of potash as basal dose, while thz: other set of
24 plots raceived half of the nitrogen and potassium as
basal and the balance 30th day after planting as top

dressing.

Saeds and sowing

A nursery was ralsed for obtaining €oleus stem cuttings

for planting in the main ficld. Tubers were sown f£irst in



nursery having good drainage £acilities, after applying
£arm yard manure at the rate of one kg/ sqemetra during

the last wesk Of May 1982. Coleus stem cuttings collected
£rom the nursery were cut into setis of 15 cm length.
Healthy and vigorous cuttings Lrom the top portion were
used for planting. Thesae cuitings wera planted at a
spacing of 60 em betwecn rows and 15 ¢m between plants.
Planting was done on 22.7.'82. Shade was provided
immediately after planting and uniform irgigation was gilven.
Gap £illing was donc on ithe seventh day to secure

unlform stand of the Crop.

ALter ¢are

One weeding was glven one month after planting.
Top drassing was done in bands on the two sides of ths
row. &11 the plots received a unliorm earthing uwp two

acnths after planting.

Genaral econdlition of the crop

The stand of the crop was satisfactory ﬁhroughout
ths perded of growthe. Flauts showed ysllowlng in plots
witleli received no nltrogen. Flants in ploits which recelved

no potassium showed tip burning symptomg.



Harvesting

The crop was harvested four months after planting

(Maini, ebel | 1975). HMaturity was indicated

by senescance of above gécund parts. Marked observation
plants were uprooted a day prior o harvest and border
plants were removed before harvesting the net plots.
Tubers were dug out £rom the net plot area after cutting

and removing the above ground parts.

Obsorvations recorded

1. Height of the plant
The height of the plant was recorded at thirty days
interval. The height was measured from the base of the

plant to the tip of the growing point and exprossed in cm.
2. Number of branches per plant

Number of branches were countad at thirty days interval
after planting and recorded.

3« Leaf number
Total number of functional laeaves was counted at
30 days interval after planting.
4. Plant sproad

Spread of the plant was recordad at monthly intervals.
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The spread was measurad £rom the tip of the largest
branch to the tip of the growing point ©f the largaest
branch in opposite direction.

5 Lzaf arsa index

Leaf area index was Calculated at 60th and 20th
days after planting by adopting punch methode. Leaves
from the uprooted plants were separatad and punched.
The discs as well as the remalning leaf portion were
dried in an oven at 80 4 5°C and thoir respective dry
welghts weore recorded. From this the leaf area and

the leaf area index wera worked out at the two stages.'

Yield and ¥ield comoonents

1. Numbor of tubers per plant
Number of tubsrs f£from the observational plants werae

counted and thelr average worked out.

2. Woight of tubers per plant
The average weight of tubers per plant was racorded

£rom the observational plants.

3. Hurber of markstable tubers per plant
Marketable tubers wers £ixed based on visual observa-
tions. The marketable tubers were separated £rom observa-

ticnal plants and thelr numbar recorded,
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4. Walght of marketablae tubers per plant -

Marketable tubegs were separated £rom chsarvational

plants and their welght recorded,
5. Paercentaya walght of marketable tubers per plant

Percentage weight of marketable tubers per plant
was worked out from weight of tubers per plant and weight
Oof marketable tubsky pexr plante.

6o Yield of tubers par hectare

Yleld Of total tubers obtained from each net plot

was recorded and expressed in tonnes per hactaree

7« Drymatter yield per hectare

Observational plante were removed £rom each plot
and they were ovan dried at 30 % 5%, Their weight

was recorded and expressed in kg/ha.

8. Bulking rate

The rate of bulking in tuber under each treaément
has been worksd out on the basis of increase in fresh
welght of tubar (g) per plant par day (Shukla and Singh
1975)., \



9, Utiligation Index or Tuber efficilency

According to Obigbesan (1973) this is an important
yield determinant factor. It is the ratlo of the tuber
weight to the top weight. This was worked out from ths

tuber weight and top weight of tha cbéQSVatianal plants.

Plznt analysis

Different plant parts were oven dried separately
at 80 + 5°C, powdersd in a Willey mill ané used for

chemical analysis.

1. Mitrogen uptake
Plant parts and tubers were analysed for nitrogen
by the modificd microijeldanl method (Jackson, 1967).
The uptake of nitrogen was calculéted based on tha content
of nitrogen in plant parts and thelr dry welghts and
expressed in kg/ ha.

2. Potassium uptake
One gram of the powderad sample was di;ested with
triple acid mixture (HN03 + H,50, + Hc104J (Jackson and
Ulrich, 1959). Tha digest was filtered and made upto
100 ml and used for the estimation of potassiume

Potasslun was determined by using a f£lamae photometer,



The uptake of potassium was caloulated based on ils
content in plant parts and their dry welght and expraessed
in kg/has ‘

3, Starzh contaent of tuber

Starch content of tuber was estimated by using
potassium ferricyanids method (Ward and Pigman, 1970).
The values were expressed as percentags 0f the dry-

welilght,

4. FProtain content of the tuber

The oprotain coatent ¢of tuber was calculated f£rom
the percent of nitrogen in tuber by multiplying with
the factor 6,25 (Simpson et ale. 1965)

Soil mnalysig

Total nitrogen and avallable potassiun content of
the composits soll éampla collected prior to exparliment
was analysed. Total nitrogen was determined by modified
microkjeldshl method and avéilable potassium by ammonium

acetate method (Jackson 19267),.



Statistical enalysis

The daﬁa pertaining to vardouws characteristics
ware analysed statistically by appplylng the technigue
of analysis of variance for randomised block design
and tho sigunificance was tested by v test. Correla-

tion analysis was also done (Snedecor and Cochran 1967).



RESULTS



An experiment was laid out ¢n randomised block
design with £ifty treatments and two replications to
f£ind out the optimun doses and suitable time of appli=~
cation of nitrogen and potash to coleus (Koorka)e The
results of the study after statistical analysis are

presenﬁsd beloyws:

1. Helght of plants

The mean height of~plants at various stages is
given in Tables 2-5 and the analysis of varlance in
Appendix IZI. Ths effect:of nitrogen on helght of ﬁlants
was signlficant in all cbservations. At 30th day after
planting NS gave maximum height and was on‘bar with N4
and Nz and superior to Nl and Ne But at the 60th
and 90th day after planting all the levals of nitrogen
were found to be significantly superior to control.

At harvest the haights were nearly levelled off,

Potash levels had significant effect on height of
plants, only at 30th day after planting. At that stage
K, recorded maximum height and was on par with R, and-

significantly supsrior to X,e Kl and Kye
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Table 2. Plant height (cm) = 30 days after planting.

/8 Ny N, N, Ng N, ¥aan
T, 21,15 13,13 13.05  14.47  13.89 13.15
mg 11.08 13:18 14.72 12.05 13.33 13.27
Hean 11,12 13,16 13.91 14,26 13.61
/R ® K K K K

0 1 2 3 4
T 12.42 13412  13.22 13,82 13,15 13415
T, 12,62 12,54 12,56 14.61 14,03 13.27
Mean 12,52 12.83  12.89 14.22 13.59
/K K, R, K, K, K,
Ny 9465 12,03 10.50 12,95 10.45 11.12
“1 11.55 13.63 13.23  14.50 12,88 13.16
N, 13.28 12,30 13.70 14,85 15,40 13.91
NB 1‘.3.'1 70 13058 13535 14960 15908 14.26
N, 13.43 12,63 i3.68 14.18 14,15 13.61
Mean 12,52 12.83 12,89 14,22 13,59

5B oM - 04364

CO (0.05) for Njmarginal means ~ 1.034

and Ri



Table 3, Plant height (cm) - 60 days after planting

T/N N, N, N, N, N, | Mean
T, 12.72 16,90  16.57 17.18 17.72 16.22
T, 13,96 17.80 18.36 18.10 18.46 17.34
Mean 13.34 17.35 1747 17.64 18.09
/% Ky Kl K, X5 K, Mean
T, 14.91 16.64 16.92 16467 15.95 16,22
5 16.40 17,60 17.94 17.20 17.54 17.34

Mean 15,65 17.12 17.43 16,93 16.75
N/K KO Kl KZ Ks . K4
N, 12,70 13400 13,55  12.65 14.80 13.34
N, ' 15,70 18.20 18,90 18,20 15,75 17.35
N, 16,30 17.55 18.05 16,68 18,75 17.47
Ny  15.88  17.35 $.55 19,15  16.28  17.64
N, 17.69 19,50 17.10 18,00 18415 18.09
Mean 1.5&65 17.12 17!»43 16.93 16075

S.E.M. - - " = 0.507

CD(0.,05) for W ; - 1.441

rarginal means
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marginal means

Table 4., Plant height (cm) - 90 days after planting
T/8 Ng N, N, N, N, Mzan
T, 8.64 9.96  10.40  9.50 9.54 9.61
T, 8490 9.07 9,61 10.48 10.76 9,76
Mean 8477 9451 1.0.00 9,99 10.15
/K K, K Ky Ky K,
T, 9.44 10.14 9.62  9.18 9466 9,61
T, 9,42 9471 10,55 9.86 9428 9,76
Heaan 9.43 9.92 10.08 9.52 9.47
N/K X9 K Ky Ky Ky
N, 8430 9,85 8,70 8.45 8455 8.77
Ny 8460 10450 9.12 9,25 10410 9.51
Ny 10,20 9.65 10,90 9.50 9470 9,99
N, 9,95 10400 10.40 10.50 9490 10,15
Mean 9,43 9,92 10,08  9.52 9.47
SQEQM bl 0. 337
CD (0405) for ¥ [ =- 0.958
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Table 5, Plant height (om) e Harvest

/N | Ny N, N, Ng N, Maan
él 14.25 16.75  14:78 15.11 14,19 15,01
7, 15.36 17.34 16.81 16455 16.12 16,43
Mean 14.81 17,04 15,79 15.83 15.15
L T T T
T, 14.44 15.08 15,20 15.68 14.67 15.01
) 16426 16495 15471 17.59  15.66 16.43
Mean 15.35 16,01 15,46 16.63 15,17
N/K Ko ... B Ko Ky Ky
Ny 14.27 15.65 15430 15.74 13.08 14,81
M, 15,64 1823 16,75 1770 18,89 17.04
N, 16409 16,10 14.65 16.07 16,05 15.79
N, 15,13  14.86 16.11 18,31 14.71 15.83
, 15.63 15,23 14,46 15.34 15,10 15.15
| .
Maan 15.35 16.01 15,46 16.63 15,17
g, E.M. (T — 0-8a2
S oEoMo (N) - 01509
SQEoi\io (NT) = 0072
CB(0.05) for N marginal means = 14447
CR (0.085) for NT combinations - 2,047
- ODE

CD LD 08) for T mmujdnaJmao;ns
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The effect of different timings of application of
N and K on plant height was not statistlcally significant

ain all stages of growth except at harvest.

The interaction between levels of N and K was not
significant at any stage. But the interaction between

N and T was significant at harvest stagee.

2. Number of branches

The data on number of branches at various stages
are presented in Tables 6«9 and their analysis of variance

in Appendlsx IIX.

The results show that effect of different levals
of nitrogen on numbar of branches was statistically
significant at all stages, exXcept at harvest. At 30th day
though N4 raecorded maximum nunber of branches, it was on
par with N, and N, while N, was on par with N, and N,
on par with No. At 60th day N3 was on par with N, and

2

N, and N, in turn on par with Nj aond all the N levels

2
were superlor to controcl. At 90th day R, was on par with
N4 and produced significantly more number of branches

over lower levels (N,, N, and N ). The lower lsvels of

’
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Tabla 6. Number of branches - 30 days after planting

oM N, N, N, N, N, Mean

T, 6.32  8.56  8.24 8466 9,58 8,27

T, 7.30 7.20  9.14  10.04 9,80 8470

Mean 6e8L  7.88  8.69 9435 9469

T/K ) Ky Ky Ky Ky

?, 8.20  B8.92  8.04 7.78 8442 8427

T, 8444  B.24 8,66 9.78 8436 8.70
Mean  8.32  8.58 8435 8.78 8439

T T T

64 GO BelS 6430 7420 5.80 6.81

1

0 .
Nl 6.80 7.60 7.50 7.95 9.55 7.88
Na 9.40 2.20 8.20 9,00 B8.65 Be69
NS 9.95 9,10 10.45 8.70 B«55 9,35
N4 8.85 9.85 9,30 11,05 9.40 9,69
Mean 8432 858 8435 8.78 839

CD(.05) for N marginal § - 1.452

SQE.H. ‘ bad 0-511
mneansg i



Table 7. Number of branches ~ 60 days after planting

49

T/ N nl N, N, N, Mean
T, 10,93 13.87 15,98 16,96 17.00 14,95
T, 11.87 15.78 15.21 18.42 18,31 15,92
Mean 11.40. 14.83 15,60 17.69 17.66
/K % X %2 ! Ky
T, L 13,56 14,17 15.28 116,28 15.45 14.95
T, 14.06 . 15.51 14,11 19,40 . 16,51 15,92
Mean 13.81 14,84 14.70 17.84 15,98
N/K Ky K, K, K, K,
N, 9,70 12.65 10,83 12.05 11.78  11.40
N, 9445 15,30 14,15 15,45 19.78  14.83
N, 15.75 13.20 14.05 19.78 15420 15,60
N, 17.65 16465  16.85 20,25 17.10 17.69
N, 16,50 16,45 17.60 21.68 16,05 17.66
Mean - "13.81 14.84 14,70 17.84 15,96

S.Ea!‘i - 0-935

. CD{0.,05) for N and ) = 2,658
K marginal means
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Table 8. Number of branches -~ 90 days after planting

T/N Ng N3y No N3 Ng Mean
T, 24 .48 37.06 38,90  45.94 48,02 38.68
7, 25.52  39.88 41,72 50,28  45.98 40.68
X‘iean 25000 38047 40.31 48.11 46.99
/K K, K, Ko K, K,
T, 33,10 36.88 39,18 41,50 43.74 38,68
T, 36,32 35.98 40,36 40,52 50420 40,68
Mean 34,71 36443 ' 39,77 41,01 46,97
N/K Ky K, Ky Ky K,
Mg 19.60 33.30 25,35 24.30 25,45 25.00
Ny 26,10 36,60 36,50 50,40 42,75 38.47
Mo 33,60 35.20 38425 37.65 56,85 40,31
Ny 46,20 36.55 50.80 49.00 58,00 48.11
N, 48,04 43.50 47495 43.70 51.80 46,99
Mean 34.71 36443 39,77 41,01 46.97

X S-E.MO - 2&371

CDgfﬁQSJ for N and K - 6.74

" marginal means



Table 9, Number of branches at Harvest.

7L NO Ni‘ ﬂz HB | N4 Mean

7, 22,08 25.66 27.80 25442 23.55 24.90
To 23.07 22,98 25.45 22,78 25,39 ‘23,93
Mean 22,57 24,32 26.62 24,10 24,47

T/K Ko K K K3 K,

7, 24,59 26.39 23,90 27,10 22,52 24,90
Ty 22.62 23.76 25.31 22,78 25,20 23,93
Mean 23,61 25,08 24,61 24.94  23.86

N/K Ko 1{1 K, Ky Ko

NO 20.30 22445 15,23 27.13 23.75 22.57
N, 20.95 25.63 26.15 24.83 24,05 24,32
N, 26.25 24420 29.15 25,25 28,26 26462
Ny 23.88  22.50 25,00 26,55 22,58 24.10
N, 26465 30,60 23,50 20,95 20,65 24.47
Mean 23,61 25,08 24.61 24.94 23,86

N.S.
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nitrogen ware on par and significantly superior to
control. At harvest all the treatments showed more

or less egqual number of branchesg.

Potassium levels showed significant dlfference
only at 60th and 90th day after plantings at 60th day

K, and K, were on paxr and K, was on par with K, and

4
Klo At 40th day Ka and Kﬁ vwere on par and K3 was on
par with Kye Kl and Kb were on par at both stages.

Timings of N and K application falled to produce
any significant effect on number of branches at all
stages of arowth.

The interaction between doses of N and K and

betwaen timings and doses were also not significant.

3., Numbar of functional leaves

The data on number of functional loaves are
presentad in Tables 10-13 and thelr analysis 0£ varlance
in Appendix IV,

Significant differcncaes in the numbsr of functional

leaves were obtained bstween levels of nitrogen at all
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TablelB. Mumber of fumekional leaves— 30 obys after plenting

Ty 50,30 7252 57 .86 64.48 71,08 63,25
T, 55,04 55 428 72,60 86475 82.92 70,52
Mean 52,67 63.90 65423 75 .62 77.00

T/K Ky Ky Ky Kg Ky

T, 55666 63440  67.30 62,16  67.72 63.25
Ty 70.12 65,52 65,58 84,08 67.30 70.52
Mean 62.89 64,76 66,44 73.12 67451

N/K Ky Ky Ko Ky K,

Ng 46475 54,79 50 445 60,490 50,50 52,67
Ny 51.65  62.30 58.35 71.85 75.35 63.90
Ny 69.35 58.65 61,09 73,70  63.40 65.23
Ny 78440 67455  87.00 T0.15 79,00 75.62
N, 68,30 79.0% 75,35 89,00 73,30 77.00

SeEelis fm) - 4,64
SQEQPAQ NT) = 6!56
CD (0.,03) for N marginal

means - - 13.19

CD (0.,05) for NT combiw
nations - 18,65



o4

Table 1l). Number of functicnal lecaves = 60 days after planting

N

T/N Ny Ny Ny 4 Ny Mean
T, 74,33 100,22 105,62 122,25 119,38 104.36
T, 90.98 106.82 125,02 120636 125,21 113.67

£2.66 103,52 115,32 121.31 122,30
K K K KK
T, 98.63 86o56 109,50 104,55 122,56 104436
Ty 110.14 96.24 116,14 135.02 110,79 113,67
Mean 106,30 91,46 112,82 119,32 116,68
N/K Ky By Ky X, Ky
No 64426 83435  £2.40 06,068 96,25 62,66
iy 106455 97.90 104,85 99,35 108,95 103.52
N, 116,05 B5,50 118,60 145.75  110.70 115.32
Ny 119.48 94,20 134,80 129,25  128.80 121.31
K, 115,65 06,05 122,45 128.65 138.68 122.30
HMoan 104239 0140 112.82  110.82  116.68

SoEaMa w 5,85

¢D(0.03) for N and ¥

merginal mesns 16493
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Table 12. Number of functional leaves - 90 days after planting

T/N Ng My N, N Ny Mean
T, 139.82 210,15 208.84 233,46 221,88 151,40
Ty 162,46 208.13 222,84 205,10 245,25 209,14
Meéan 151.14 D00,14 215.84 210,28 233,56
T/K Ko Ky Ky Ky Ky
T, 186439 196,90 108,62 214,20 218,04 151,40
1, 219,82 177,96  193.26 232,43 220.3  209.14
Mdan 263,11 187,43 195.94 223,32 216.19
MK Ky K, ¥, Ko Ky
Ng 259,00 154,15 136,75 157,15 148.65 191,14
Ny 145,68 20130  20B.95  246.98 242,80 209,14
Ng 517490 185,90 186,55 427,45 Z61.40 215,84
Ng 932,10 101,35 244,85  235.50  192.60 219,28
N, 260.85 004,45 20260 249,50 250,40 233.56
Mean 203411 187.43 195,84 223,32 219,19

SoE.i‘ﬁ. (N) - llgBBﬁ

CD(0.05) for N marginal

means

e 3.3979



. Table 13. Number of functional leaves -~ Harvest

N

197.99 192,82 187.06

T/N Ny N, N, | Ng 4 Means
T, 149,69 208,67 211.81 177,95 177,42 185,11
T, 179.27 182,68 182,15 180.58 178.38 ' 180,61
Mean 164,48 195,68 196,98 179.27 177.90
T/K Ko K, Ko Kq Ky
Ty 178.55  211.06 185,55 187.12 163,28 (85.H
T2 161,05  184.04 200,10 187,01 169,97 18061
Mean 1169.80 197499 192,82  187.06 166,62 -
N/ K R K K K

‘Nog - 52,33 184,27 158,58 156.68 160.25 164,48
Ny - 166,88 244.75 221,16 177.10 168450 195.68
N, . 171425 184,87  188.5 215,17. 225,13 196.98
Ng ' 180,00 154,45 193.56 230.13 138.19 179.27
N, 168,54 221,65, 202,33 155.94 141.05 177.90
Mean 169,80 166,62

No.S.
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stages except at harvaste At all stages N4 gave the
maximum nunber of leaves. BPBut it was on par with other
nitrogen levels and superior to control at 30th day.
While at 60th day it was only cn par with N, and N,.
Treatment N2 in turn was on par with Nl. All the
nitrogen levels showed their suégriority in producing
tﬁtal number of functional leaves over control. At 20th
day of planting.N4 continued to produce higher number
of leaves and was on par with other N levels, 'All the

levels of nitrogen were superior to control.

Potasgh lewvels in general had no gignificant influence
on the total number of functionalleaves except at 60th
daye. At this stage K3 produced maximum number of leaves
which was on par with X,, K2 and Kb and superior to K,.

1
However, there was no significant difference between Kb

and K, .

Though the time of application had no significant
effect in producing tétal number of functional leaves,
it is seen f£rom tha table that in gesneral at all stages
of growth T2 produced more number of leaves than Tl’
exgept at harvest stage where the variation was little.



Interaction between timings and doses of nitrogen
was also significant at. 30th day of planting., At this
stage N3T2 showed maximum number o0£f leaves which was on
par with NéTz and significantly superior to all other
treatments. Treatmant NoTl produced minimum number of

leaves. -

4. Plant spread

The data on spread of the plant are given in Tables

34~17 and analysis of variance in Appendix V.

At 30th day of planting none of the treatments had
any significant influenee on the spread of the plant.
At 80th day and °90th day N2 produced maximum spread which
was on par with N1 and all were significantly superior to.
control, At harvest ail the nitrogen levels produced

batter spread and were on par and were superior to control,
wWith regard'to potash, there was no significant
influence obsarved between levels.
There was no significant effect on the spread of
plants dus to timings of fertilizer application,

The interaction sffect was also not significant.
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Table 14. Plant spread (cm) = 30 days after planting

/0 NO Ny N, Ng N,

B 11,42 13,76 12,80 12,38 14,16 12,90
T, 10,16 11,11 13.86 14,34 13,52 12,60
Mean 10,79 12.44 12,33 12.35 13,84

T/K Ko K, K, Ky K,

T, 12,60 13.50 13,16 12,74 12,52 12,90
T, 11.40 11.94 13,26 15,15  11.20 11,60

12,00 12,72 13.21 13,97  11.86

N/K Ky Ky Ky Ky K4

N, 11,70 11,00 9,80 12,60  8.85 10479
Ny 10.50 11.80 14,55 12,43 12.60 12,44
N, 13.65 12,95 13,95 14,75 11.35 13,332
Ng 11.95 13.05 12,10  14.05 1455 13,3
N, 12.20 14,80 14,35 16,00 11,85 13,849
Mean 12.00 12,78 13.21  13.97  11.86 o
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Table 15. Piant spread (cm} = 60 days after planting

T/N gb Ny No Ny Ng lAean
T, 12,80 15,55 23,83 21,41  24.84 20,23
T, 15,13 20,71 26,53 23,96 22,90 21.35
mean 13,82 19.63 28,18 22,68  23.87
/K Ko ) Ko Ky Ky
T, 19,73 18,22  19.70  23.2L 20,27 20.23
T, 23,70 19642 20,53 25,02 20.56° 21,85
Mear 21,72 18.82 20531 246,16 204492
N/K Ky Ky Ky Kq K4
Ny 18420 19,80 8400 11,05  12.03 13.82
Hl 21 .58 14005 15.24 22083 : 24.45 19-63
Ny 21,95 17,35 23,73 30.5 26,73 25,18
Ny 23,60 21,50  27:80  26.3% 14,18 22,69
N, 23,25 21,40 28,80 24,20 24,70 23487
Mean 21,72 18,82  20.1} 23,12  20.42

Sng.‘-?ﬁp = 1,36

CD (0,0%) for N means = 5,345



Table 16. Plant spread (cm) - 90 days after planting

T/ N, N, N, N, N, Mean

T, 38.46 48,28 54 .44 54,30 54.88 50,07
T, 44,02 47.45 54,78 52.76 54.14 50,63
Mean 41.24 47.87 54,61 53,63 54451

T/K K, Ky K, K, K,

Ty 46,88 49,44 51.28 52,14 50.62 50,07
T, 48,72 50,78 50024 52449  50.92 50,63
Mz=an 47.80 50.11 50.76 52,32 50.77
N/K K, K, K, K, Ky
No 41.50  46.80 38,75  '41.05 38,20  41.24
N, 40,00 50.50 46.95 47.38 54.50 47.87
N, 53 .85 50.05 51.75 57.45 59,95 54,61
Ny 53.40 51.95 57.70 57.85 46.75 53.63
N, 50425 51,25 58,65 57.85 54,55 54,51
Mean 47,80 50.11 50.76 52.32 50,77

S‘E.M - 2.197

cD(0.05) for N marginal - 64246
means



b2

Table 17. Plant spread (cm) - Harvest

T/ N, 8, N, ! Vg Haan
T 47,09  50.75 54,27 54,97 53,58 52413
T, 4786  58.62  56¢41 56439 55,58 54,17
Maan 47448  52.69 5534 55.68 54458
T/K o) X % K3 %
T, 47+64 52077 56439 54436 49.50 52,13
7, 57.30  55.49  54.85 53.39  49.83 54,17
Mean 52047 54413  55.62 53.88 49.67
N/K 5 X Ky Ry Ky
N, 47450 43495 46425  53.65 46403 47.48
N, 48.B8 52,48 59458  52.88 49.63 52469
M, 57.25 57,18 50,73  55.75 55.80 55,34
N, 54,15 60,48 60,50 59435 43,93 55,68
N, 54.58 56,58 61.05 47.75 52,95 54.58
Moan 52,47 54013 55,62 53488 49467
SQEQH - 1.82
CoD(0:15) for ¥ marginal means « 5,18



5. Leaf area index

The data on leaf area index are presented in

Tables 18 and 19 and analysis of variance in Appendix VI.

Ievels of nitrogen éroduced significant differ=nce
in the LAI, at 60th and 20th days of planting. The data
reveal that N4 produced maximum LAI at 60th day which
was superior to all other levels of nitrogen, while Na

'was on par with N,» N, with N, and N, with N, At 90th

1
day, though Ny showed maximum LAI it was on par with all
the levels of nitrogen and significantly superior to

control,

Significant difference in LAI wags obsexved batﬁean
different levels of potash only at 60th day. Treatment
K3 produced maximum LAI but was on par with K2. K4 and K1
and superior to Kb'

There was no significant difference hetween Tl and

T2 at both stages.

Interaction betwsen doses of nitrogen and potash
was: slgnificant at é0th day, but it £ailed to produce any
significant influence on LAL at 90th day. Treatment N432

produced maximum LAI which was on par with N4K4 and superior
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Table 18. Leaf area index -« 60 days afier planting

T/N N, Ny Ny Ny N, Mean
T, 2,14 2.52 3,85 4,22 5,65 3,68
T, 2.74 3,19 3,42 3,37 4,70 3.48
Mean 2444 2.86 3,63 3.80 5417

/K LN Ky K2 Kq Ky

Ty 2,76 3.88 3.73 3,91 4,10 3,68
Ty 2.62 3.48 3.86 3.98 3.47 3,48
Mean 2.69 3,68 3.80 3495 3.79

N/K | Ko Ky Ky Kq Ky

N 1,26 2,31  3.31 2,92 2,37 2.44
Ny ‘ 2.82 3,08 4,13 2.51 1.7  2.86
Ny : 4428 4,06 2492 2.98 3,94 3.63
N, 1.90 4,02 2.52 5+59 4,96  3.80
N, . 3.20 4493 6404 5¢74 5,95 5,17
Mean 2,69 3,68 3.80 3.95 3,79

cDh {0.053 for N and K means = 0,864 S.E =0
CD (0.,05) for NK combinations=1,93 ¥ = 0,67



Table No.l9. Leaf arca index 90 days after planting

No

T/N Ny Ny Ng Ny Mean
T, 1.04 1.53 1.50 1.62 1,33 1,41
T, 0 o556 1,39 1.39 1,49 2,06  l.44
Mean 0,95 1.46 1,44 1.96 1,70
T/K Xy Ky Ko Ky Ky
Ty le14 1,45 147 1,43 154 l.4)
T, 1.39 1.64 1.22 1.38 1.57 l.44
Mean 1,26 1eD4 1,34 1|41 1,55
N/K Koy Ky Ky Ky Kg
Ny 0,71 0e97 "1e11 1,01 0,96 0495
Ny 133 1.56 1.34 1.70 138 1.46
N2 0.71 1408 1,48 1.2% 1.74 1.44
Ny 1.23 1,75 1,43 1.72 1465 1,56
Ng, 1.33 2,36 1.34 1.41 2,03 1.70

SeEeMe %N) - 0,101

SUEOMQ NT) - 0-143

CD§0.053 for N marginal means - 0,287

CD{0.,05) for NT combination - 0,407



to all other NK combinations, NoKb produced the lowast

LAI,

Intaraction between time of application and different
doses of nitrdgen was signiflcant at 90th day after planting.
Treatment N,T, recorded maximum LAI and was on par with

N Tl' while all other combinatlions were significantly

3

lower than N,Tye Treatment N_T, produced the lowest LAI,.

Interaction between timings and doses of potash and
betwesn dogses of N and K were not significant at both

. gtages.

6. Number of tubers per plant

The data on number of tubers per plant are presented

in Table 20 and Analysls of warlance in Appendix VII.

Number ¢f tubers per plant varied significantly
betwaen different levels of nitrogen. Among different
levals N4 recorded the maximﬁm number and was supsrior to
all other levels. Treatments N, and Ny and N, and N,
were on par and superior to No which produced }owest

numbar of tubers.

Numbar of tubers per plant was also influenced by

diffarent levels of potash.. K, produced maximum tubers



b7 .

Table 20. Number of tubers/plant

T/N Ny Ny No Ng N, Mean

T, 39,00 62430 77430 64,60 00,10 66,66

T 51.90 72400 90,40 82,20 102,60 79,82

Mean A5 .45 67.15 83.8% 7340 96,35

T/K Kq K, Ky Kq Ky

T, 47.10 52,60 7990 75 .20 78.50 656,66

T, 50,80 75,20 88410 88,20 96.80 '79.82

Mean 4B=95 63.90 84ﬂ00 81.70 87.65

N/ Ky oKy K Ky

Ny 21,00 19,50 53,00 48,75 65,00 45,45

Ny 51450 76,00 48.25 92,00 68:00 6715

Ny 54,25 71,50 116,50  73.50 103.50 83.85

N, 41,50 67.75 108,00 73,50 76,25 73,40

N, 76,50 64,75 04,25 120,75 125,50 96.35
43,55 B3.90  B4.00 81,70 6765

SaBaM = 3.969
,E" = 2, 510
a = Bp B75

CD {0.,05) for N and K marginal means = 11.28
CD (0.053) for T marginal means
GDh (0.05) for NK combinations

= 7014
= 25,23



per plant which was on par with K, and Ka'and superior
£3C-5
to Kl and Ko' Treatmant Ki also, found to produce more

nutber than Kb.

Split application ¢f N and K was significantly

superior %o single basal application.

The interactions were not significant.

7. Tuber yield per plant

The data on tuber yield per plant are presented in Fig.3,
Table 21 and analysis of wvariance in appendix VIII

The results showed significaqt difference in yield of
tubers per plant between different levels of niltrogen.
There was increase in yield of tubers per plant with
increasing levels of nitrogen applicatiocn, the maximum
was on par with N, and

2

and No’ while Nl was

baing at N4 level., Treatmsnt N4

N3 and significantly superior to N1

on par with NS and Nz and superior to No‘

As in the case of nitrogen, potash levels also
showed significant effect on tuber yield per plant,
Troatment Ka gave maximum yield and was on par with Kﬁ
and K,s+ Treatment K, and K, were on par and significantly

inferior to all other higher levels of K.
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Table 21. Tuber yield ~ plant (g)

T/N NO Nl N2 N3 N4 Mean
T, 81,30 153.0  173.37 173.35 185.1 153.20
T, 131.5 136.3  190.9  169.0  207.7 167.1
Me an 10604 = 14446 . 182.1  171.2  196.4
/K Ky Ky K, Ko K,
T, 97,7 108.3  104.6  222.9  142.5 153.2
T, 116.0 131.9  167.5  196.2  233.7 167.1
Mean 106,.,8 120.1 181,31 209,6 183,1
N/K Ko Ky Ky Ky K,
N, 78,8 81.9  130,1  111.9  120.4 106.4
N, 86.3 119.4  124.4  222.5  170.7 144.6
N, 10745 133.8  178.8  238.6 251.6 182.1
N, 144,1 100,00 236.9  253.0  121.8 171.2
N, 117.5 165,5  235,0  221.9  242¢2 196.4
Means 106.8 120,1  181.1  209.6  183.1

S.EqM. - 15058

CD(0.0%) for N and K
marginal means w 44,28
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The timings of application of N and K falled to
produce ;ignificant effact on tuber yield per plant, -
However, split application showed an increasing trend
on the tuber yield than basal application though they

were oR par.

The interaction between treatments was not slgni

f£icant.

8. Number q§ marketable tgbefs per plant

The data on number of marketable tubers per plant
are presented in Table 22, Fig.4a and 4b and analysis of
variance in Appendix IX.

Significant effect on number of marketable tubers
per plent was observed between different levels of nitrogen.
Hiéhest number of marketable tubers per plant was produced
by Ny and it was superior to all other levels. .Effect of
Nz and Na on markeﬁable tubers wers sama, and éuperior to

Nl and No' Treatment Nl in turn was superior to Ny

As in the case of nitrogen, K levels also dlfiered
significantly in thelr effect on the production of marketa-
ble tubers. Treatment K@ produced maximum number of marketa-

ble tubsrs per plant and was on par with K, and K3 and
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Table 22. Number of marketable tubers/plant

T/N No N1 N2 NB N4 Mean
Tl 17.60 30.20 4} ,00 34.70 54420 35,94
T2 25.10 34.60 4750 48,20 62.50 43,58
Mean 21,35 32.40 44,25 41 .45 58.35
T/K Ky Ky K, Ky K,
Tl 21,70 27.90 42,30 40,50 45,30 35,54
T2 23.40 37.90: 5) .60 51030 53070 43.58
Mean 22.55 32.90 46495 45,90 49.50
N/K Kq ¥y Ko Ky Ky
NO 5,50 14.75 29,00 23,00 34.50 21.3%
Nl 23475 31.75 31.00 41,75 33,7 32.40
N2 24,75 42,50 55.25 47,90 951.25 44,25
NS 18 050 38 -50 62050 45025 42,50 41 045
N4 40.25 37.00 5'7.00 72,00 85.50 58,35
Mean 22,595 32.90 46495 45,90 £ 79

S.E.Pﬂ‘in N & K) - 2.3

SeEeM. ( T) - 1.45

SQEQMQ NK) - 5:14

CD(0.05) for N and K marginal meanse 6.53
CD&0.0S) for T marginal means - 4,13
CD(0.,05) for NK combination =14,61
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superior to Kl and X« Traatment Ki was superilor to %bﬂ

The timings of N and K application varied signifi-
cantly in thelr effect on marketable tubers. Split appli=-

cation proved superior to single basal application.
Interaction batween treatments was not significant.

9. Weight of mé?ketable tubers per plant

Tha data on welght of marketable tubers are presented

in Table 23 and their analysls of variance in Appendix X.

The results revealed that nitrogen levels had signi-
£icant influsnce on welght of marketable tubers per plant.
N4 produced maximum marketable tubar welght per plant and

it was superior to N, Nj in turn superior to Né,'Nz to N,

and N,

3 to NO'

Potash levels also showed significant difference in

the weilght of marketable tubsrs per plant. Treatment K,

‘produced maeximum marketable tuber weight and was superior

" to all other levels of potash. KB and Kz were on par and
' ®

superior o Ki and Kb. Treatment K1 wasf’_ - superior to

Kb-
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Table 23, Weight of marketable tubers (g) plant

T/N N Ny Ny Ny N, Mean
T, 32,90 76,70 93,20 103,20 113.80 83,96
T, 63.40 . 65,90 10070 110,50 128,80  93.86
Mean 48415 71,30 06495 106.85 121.30

T/K Ko Ky Ko K3 Kq

T, 43.80 5530 111,10 83,30 127,30 83,06
T, 56,00 69,80 97.20 131,20 115.10 93,86
Mean 49,90 62455 104,15 106.75 121 «20

N/K Ky Ky ¥ Kq Kg

Ny 21,50 41,25 35,90 82,25 69.00 48,15
Ny 30,50 51,50 84,50 54,00 92,25 71 .30
N, 63,50  T4.00 94,00 146,50 142,75 96,95
Ng 72,75 85,50 132,75 82,50 160,25 106.85
N, 52,50 104,25 135,00 169.00 142,25 121,30
Mean 49,90 62,55 104,15 106.75 121,20

SGE efai. bl 2.89

Ch (0.05) for M and K '

marginal means - 5,78
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Though the timings of N and K application falled
to produce any significant effect on weight of marketable
tubers par plant, split application showed higher weight
of marketable tubers over single application.

The interaction between treatments was not significant.

10, Percentagsa weight of marketable'tubers per plant

The data on percentage welght of marketeable tubers
ars presented in Teble 24 and thelr analysis of variance

in Appendix XI,

Significant difference between nitrogen levels on
percentage weight of marketable tubers was obsszved in the
data. N3 produced maximum psrcentage of marketable tubers
per plant énd lt was on par with N4. Thesse Qigher levels
werc superior to the lower levels (Nz; N, and N_). N, was

superiox to Hl and N1 in tum to No.

Potash levels had signifilcant difference on percent-
age weight of marketable tubers per plant. Treatment Kq
had the highest parcentage and it was on par with Ka.
Treatmant K3 was on par with K,» These higher 1gVels
were superior to Ri and K,+ Zven lowest level was

suparior over control.
: 3
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Tablc 24, Percentage welght of marketable tubers

T/N Ny Ny Np Ny N, Mean
T, 40,8 5048 51.4 5849 58,9 52,2
To 43,6 47,9 56 0 63,9 61,9 5447
Mean A262 49.4 53@7' 61.4 Gle4

T/K Ky K Ky Kq Kg.

T, 44,5 47.6 54,3 5645 57 52,2
T, 49.9 50,8 58,1 57,2 57 5447
Mean - 4740 49,2 56 ¢2 5640 578

N/K Kq Ky Ko Ky Ky

Ng 27.0 47,75 45,25 575 57e5° 42,2
Nl 365 4100 60.5 53.5 B ea - 49.4
N, 48,0 59,8 . 52,5 62.0  5B.8° 53,7
Ng 47.8 47,0 58,0 67.0 64.5 61.4
Ny 51,8 51,30 52,3 67,0 66.8 6064

Meam 1.0 nLg. 9 Sb. 9 56.9 57.9 .

SeBeld 5142

CD (040%) Tor N and K marginal means = 1,22



Thae timings of N and K application and the intsr-
action between doses and timings and doses of N and K were

not significant.,

11. Yield of tubers per hectars

‘The data on yield of tubers (tonnes/ha) are presented
in Table 25, Fig.5a and Sb and analysis of variance in
Appendix XII.

There was increase in yield of tubers with increasing
levels of nitrogen, the effect being statistically signi-
ficant, Highest yield was given by N4'followed by N3. But
these two levels were on par. N, was also found to be on

3

par with N All these three higher levels of nitrogen

2°
ware found to be supsrior to lower nitrogen level and
control. Lowest nitrogen level (Nl) was also found to be
suparior to No. The data reveals an increasing trend

6n the yield of tubers with the increase in nitrogen

application,

The effect due to different potash levels on yield
was also found to be significant. Treatment K, produced
the maximum tuber yield andtgianificantly suparior to the
lower levels of potash. The pattern of tuber yield was

found to be the same with regard to the lower levels.
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Table 25. Yield of tubers (t/ha)

T/N Ny Ny Ny N, N, Mean

T, 8447 13,88 14,58 15,81  15.73 13.70
Ty 10,21 15,92 17,98 18,09 19,88 16.42
Mean 9434 14,90 16,28 16,95  17.80

/K K Ky K, Ry K,

T, © 8445 12,83 13,66 15,27 . 18,27 12,70
T, 9.84 14,42 17.53 19,03 21,29 16.42
Mean . 9,14 13,62  15.59 17,15 19,78

N/K Ko ] Ky Ky Kq

Ny 607l 8,22 10.0L 10,36  11.40 9.34

Nl . 9._20 14528 ) 15028 15&86 19090 14.90

N, 10,01 13.83 15,78  18.88 22,92 " 16.28
N, 9,80 15,05 19,10 19,48  21.23 16,95
N, 0.89 16,73  17.80 21,18  23.44 17.80
Mean 9,14 13.62 ~ 15.59  17.15  19.78

SeEokis (HBR) -~ 0.474

StEoMQ T) - 0.30

S.E .M. N&K) ) - - 1 lQ_é

CD(0.05) for N and K marginal means - 1.3

CD(0,05) for T marginal means - 0,853

CD(0,09) for N and K combination - 3,01
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K, produced the least tuber yield;

Split application of nutrients was significantly
superior to single basal application in increasing

yleld of tubsrs. ~

The interactionSbetween doses N and K were statis-
tically significant, Treatment R, K, produced maximum
yield which was on par with N2K4 and NyKy e Minimum
vield was given by control plots recelving no nitrogen

and potash.

The 4interactionsbatween timings and doses wera not

significant.

12. Total dry matter yield

The data on dry matter yleld are presented in Table 26

and Flig. 6a and 6b and analysis ¢©f variance in Appendix XIII.

Nitrogen was found to have great influence in increa-
sing total drymatter yield. Treatment N4 produced maximum
drymatter yvield which was on par with N2 and Nao and

superior to N, and NO. NS in turn was on par with N

1
and superior to No.

1

Tha levels of potash also showed significant differ-
enca in drymatter yleld. Highest drymatter yield was
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Table 26. Total dry matter yicld (Kg/ha)

T/

N

Ny

N

N

No 1 3 4 Mean
T 2772.40 3925.40 4369,90 4200.10 4604.20 -3974,.39
T, 3110.60 4236,20 4684,20 4783.69 5241.89 4411,33
Mean T2041.50 4080.80 4527.00 44G1,89 4923,05
T/K Kp Ky K, Kq Ky
T, © 3111.10 23466.80 4021.60 4450,00 4822,50 3974,39
T, . 2032,80. 4021.60 4736,50 4919.09 5446,70 4411.33
Mean 3021,99 3744,20 4379.00 40684.54 5134.60
N/¥% " Ky Ky K, Ky Ky
Ny 2061.99 2760,75 3273.50 3071.75 3539.,50 2941.50
Ny 2911.25 3826.75 4273.25 4349,99 5042,75 4080.80
Ny 3700.99 3860,25 4284.7° 5437.99 5351,50 4527.09
Ny 3183,99 3920.25 4932,50 4781.25 5641.50 449).89
Ny 3251.50 4352,990 5131.25 5781.75 6097.75 4923,05
Mean  3021,95 3744,20 4379,05 4684.,54 5134.60
SoEoMa (T - 98567
CﬁEO¢O5; foi N and K marginal moans 443,53
CL(0.05) for T marginal means - 280,52
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obtained with K@ and it was significantly superior to.

all othex lavels. Ky and K, ware on par and suparior

to K1 and Kye K1 was also found to ba superior to Kye

The timz of application of nutrients had signifi-
cant influsnce on dAry matter yield, T2 was significantly
superior to T, The interaction effcets wers not signie
£icant.

13. Bulking rate
The data on bulking rate are presented in Table 27,
FPig.7 and appendix XIV.

The levels of nitrogen increased the bulking rate
significantly, the maximum being at N4 levels This was
on par with Ny and N,e All the three higher levels were

superior to Nl and Nc which were on par.

as in thg case of nitrogen significant effect on
bulking rate was also found between different K lavels.
The highest level of potash gave the highest value of
Ibulking rate'éhd.it differed significantly over other
levals. Ky and K, . K and K; and Ki and Kb were@ on par
and the bulking rate was in the debending order.



Table 27. Bulking rate

T/N Ny Ny Ng Ng Ny Mean
Ty 2:57 2,13 2,80 317 3,27 2,59
T, 2,23 2460 4420 2.8% 4,73  8.52
Mean 1,90 2636 350 3.50 399
T/K Kq Ky & Ky Ky
Ty 1.74 1,98 2,70 2.65 2,85 2,59
T, 1,74 2479 3,38 £4G0 5,09 3,52
Mean 1.74 2,39 3,04 2.63 4,47
N/K Ko’ Ky K, Kq K,y
Ny 1.33 1.42 1,34 2,83 2,57 1,90
Ny 1,51 1.81 3.10 2.46 2,93 2.36
Ny 1.95 2,68 2,92 4.28 5,68 3,50
No 2,19 2.78 3.87 4,21 4,46 3,50
N, 1,70 3.25 3.97 4,38 670 3,99
#ean 1.74 2,39 3,04 3,63 4,47
 SeEaM, sm & K) ~0424

S.E;M;g T) -0.152

Cb({0,05) for N and K

marginal means 0.682

©B(0+08) for T marginal means 0,432
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The application of N and K half basal and half
thirty days after planting (Tz) significantly influenced
bulking rate, over complete basal application (Tl)'

Interaction between treatments wag not signlficant.

14, Utilisation index

The data on utilisation index are presented in
Table 28, Flg. 8 and analysis of variance in Appendix XV,

Significant influence on utilisation index was
observed between dlifferent levels of nitrogen, H4 gave
maximuﬁ utilisation index which was on par with Ny and
and N

Nz and superior to Nl and Noa N werg on par and

2 1

Ny in turn waz on par with R,e

Potash levels also showad significant difference in
-utilisation indax. Kg produced the maximum utilisation
index and was on par with K3 and supefior to the lower.
levals. K3 was found to be on par with K e and K, on

par with K1 and were superior to Ko.

The effcbof Yimings of N and K application wess not significant.

Interaction between doses of N and K wagy only signi-
£icant. N4K3 produced the maximum utilisation index and
the least by N;)Ko.



Table 28, Utilisation Index

CD (0.05) for N and K marginal means 0,565

CD (0.05)for NK combinations

- 1,265

T/N Ny Ny N Ng N4 Mean
Tl 2,05 247 2,79 2,83 3.31 2.69
T2 2,19 2.74 3.54 3.63 3.45 3.11
Mean 2,12 2,61 3.16 3,23 3.38
T/K Ko K1 Ky K3 K4
Tl 1.59 2.44 2,96 3426 3.31 2,69
Mean 1.68 2.64 2,95 3.43 3.79
N/K KO Kl K2 Kq Ky
No 1.09 2,51 2,11 2,952 2,39 2,12
N1 1,45 1.89 2,58 3,75 3.36 2,61
N2 1.68 2.77 3.75 3.17 4,45 3.16
N3 2,71 2,76 315 3,23 4,28 3.23
N4 1,50 3.27 3.17 4.51 4,46 3.38
S-E M. (N and K) - 0.].99
SJE.M.!? ( NK) - @.:3{45 .
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15. Starch content

The data on starch content of tubers are presented

in Tablé 29 and Appendix XVI.

The results reveal that there was no significant
offect on starch content between different levels of

nitrogen,

~ Potash levels showed éigpiﬁicant influence on
starch content. Thz highest starch content was obtained
with K3 which waé on par with Kpe These two levels
were superior to all other }evéls while Kzlwas found

suparior to K1 and K, and K1 in turn supericr to Koo

As regards time of application of N and K half the
dosa as basal and other half 30 days after planting was
significantly superior to the entire dose applied as
basal.

Interaction between doses of niltrogen and potash.
only was significanﬁ. Maximum starch content was obtained
wi;h N1K3 which was statistically egqual to N4K3,and N3K4
and superior to other cqmbinations: Nokb'produped least

starch content.

" 16. Protein content

The data on protein content of tubers‘ére presented

in Table 30 and analysis of variance in Appendix IVII.
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Table 29. Staxch contents

T/N N, Ny Ny Ny Ny Mean
Tl 29,94 33.41 32,78 33.87 33.81 32.76
T2 34.45 3746 33,00 33.96 34.74 34,72
Mean 32.19 35443 32,87 33,92 34.28
/K Ko 1 K Ky K4
1 25,15 29,35 31.83 39.87 37.61 32,76

T2 26,91 31,94 35.73 39.89 39,15 34,72
Mean 26.03 30,65 33,78 39,88 38.38
N/K Kq Ky Ky Kq Ky
No 22,20 26,87 33.71 3%.28 38.91 32,19
Nl 30,29 29,69 3315 45,10 38.94 35.43
N2 28,71 32.57 33.64 31,92 37.60 32,87
NS 24,80 32.18 33,84 38.42 40,36 33.94
N4 24,14 31.94 34,957 44,67 36.07 34,28
Mean 26,03 30,65 33,78 39,88 38440

SeEJM (K) - l-ol

SeE.M (T) - 0.641

CD (0,05) for K marginal means = 2,88

CD(0,05) for T marginal means - 1,882

CD (0.,05) for NK combinations = 6,49
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Table 30. Protein content

/N No Ny N, Ny Ny
T, 6.47 . 7.78 . 7.96 9,23  9.45 8,18
T, 6.24 . 8.41  8.41 9.17 9,70 8.39
Mean 6435 8.09 8,19 9.20 9,58
T/K Ko Ky Ky Ky Ky
T 7.82 To66.  7.84 8.91  8.66 8.18.
T, 7.85 8.25 8,73 8.28- 8.82 8.39
Mean %283 7.96 8.28 8.60  8.74
NK K Ky K2 Ks - Ky
N, 4.9 5.75  7.24 7.01  6.87 6.35
Ny 7.09 8.58 'B8.35 6.64  8.82 8,00
N, 6,93 8,19  7.95 ° 9,21 8,66 8,19
Ny 10,00 9,07 9,14  8.66  9.11° 9,20
Ny 10,24 8.19 8.74 10,48 10.24° 9,58
Mean 7.83 7.96  8.28 8.60 8.74

STEN, ' = 0,556

CD (0.05) for N marginal means -- 0,813
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Si¢gnificant difference in protein content dus to
nitrogen levels was observed the maximum being at Né'
level and it waé on par with Ny and significantly ‘
superior to other levels and control. N, was found to
be on par with N, and superilor to N, Increasing the
Yiitrogen rate increased the protein content. The lowest
protein content was obtained with control plants receive-

ing no nitrogen.

Potash levelé, tlme of application and their

interactions were found to be not significant.

17, Yotal nitrogen uptake

The data on total nitrogen uptake are presented in

Table 31, Fig.? and analysis of variance in Appendix XVIII,

The results show that there was proﬁound infiuence
on total nitrogen uptake due to different N levels. The’
mazimum uptake of nitrogen was obtained by the N, level,
" Bach highar'level (N4 to Nl) was Found to be superior'to
all the lower levels.

In ths césa of potash levels also similar pattern of
. N uptake was noted when bdtash levels were increased

from hbto K._4 lgvgl.

The effect due to application of half nitrogen and
potash as basal and half 30 days after plahting (Tz)
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Table 31,
Total nitrogen uptake (kg/ha)

T/N N

o Nl N2 Na N4 Mean

T 26437 45,76 52.52 59,73 71.09 51.09
Ty 30,87 51.74 60,46 69,82 80.26 58.63
Mean 28,62 48,79 86 ¢49 64,77 75.66

T/K Ky Ky Ko Kq Ky

T, 34,00 42,80 80406 50,49 63,10 51.09
T, 36.45 53.19 61.77 66,11 75.01 58.63
Mean 338,22 48,00 55, 92 62.80 69436

4 .- .

N/K Ky Ky Ky Ky Ky

Ny 17,97 25,85 30439 30.86 38,30 28,62
Ny 33,78 43,51 49,94 49,75 66,78 48,75
N, 43,91 50,61 50460 73411 63,21 56.49
Ny 48,68 56 . 38 71.68 68,09 79.04 64,77
Ny 47405 63,65 76497 92,20 98.44 T5.66
Mean _38022 48.00 55,92 62.80 69,36

S+E.M (NRK) 2444
SIE.M (T) - 1054

C(0.09) for N and K marginal mean - 6,93
Ch(0.05) for T marginal means - 4,39
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produced significant difference in N uptake compared to

the applicatlion of entire dose as basal.

Interaction between treatments was not signlficant.

i8. Total K uptake

The data on total potassium uptake are presented in
Table 32, Fig.? and analysis of variance in Appendix XIX,

Potassium uptake increased significantliy with
increase in nitrogen dose. Maxgimum potassium upﬁake
was recorded by N, which was superior to all other levels,
Treatments N, and NB were on par and superlor to Nl and

N,» N, recorded minimum uptake.

Different levels of potash produced significant
effect in K uptake, the maximum being at K, level. A
decreasing trend in K uptake was noted with the decrsa-
sing rate of K application. Least uptake was noted at

KO level,

As per dlfferent time of applicatlon of nitrogen

.and potash, Tz was significantly superior to Tl'

The interaction between levels of N and K was

significant in K uptake, Highest uptake of K was got
by'N4K3 which was on par with leﬁ and N2K . N4K3 was
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Table 32. Total potash uptake (Kg/ha)

T/ Ng N, Ny Ny TNy Mean
T, 28,72 A4.95 48,23 49,11 56,02 45,4
T, 37,79 55,64  64.73  03.69 70,56 58,48
Moan 33.25 50,30 56048  56.40  63.29

T/X%/ Kg Ky Ky Kq Ky,

T, 23,14 39.43 47,32 54,48  62.66 45.41
T, 25,74 49.92  60.59  T2.21  83.94 58.48
Mean 24,44 44,68 53.96 63.34 73,30

N/K Ko Ky Ky Kg Ky

Ng 15.17 26.74 35.87 40,19 48,31 33.25
Ny 22,86 42 .69 49,23 950437 86,33 950,30
Ng ' 26,92 43.86 65,22 7226 73,74 56.40
Ny - 24.20 60,70  65.48 90,16  75.90 63.29
Mean D444 - 44,68  53.96 63.34  73.30

SeEste = 1492  (©D{0.05) for'N and K marginal means = 5,45
" 1.21 ¢p(0.05) for T marginal means = 3,45
4028 ©p(0,05) for NK combination =12.18

hi

"

i



found superior to all combinations and ths lowast uptake

was noted at NOKb iavel.

Economics of produciion

The data on economlcs of pioduction is presented

in Table 33,

The data revealed Ehat the maximum net profit was
given by the split application of nitrogen and potash at
the rate of 120 kg/ha each followed by the split applica-
tion of 60 kg N/ha and 120 kg K,0/has In control plots

there was a loss Of 8.6635/=

Corrslation atudies

The data con correlation coefficlents are presented
in Table 34, Corrslation bketwsen nitrogen and ﬁotésh uptake
and yield of tubers number of marketable tubers and total
drymatter production were studied,

The result show that nitrogen uptake and yield of
tubers per hectarae, nitrogen uptake and drymatter production
nitrogen uptake and number of marketable tubers-pex plant

are significantly and positively correlated,



The correlation studlias indicate that significant
and positive correlation were alsc found bstween
potassium uptake and yleld, potassium uptake and
marketable tubers and potassium uptake and drymatter

production.
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Table 34, Correlation doafficients

gé’ Characters studied Correlation
¢ . coefficient
1 Nitrogen uptake x yield of tuber/ha 0.837**
2 Nitrogen uptake x number of marketable "y
tubers/plant 0.704
3 Nitrogen uptake X drymatter production 0.916**
¥
4 Potassium uptake x yield of tuber/ha 0.903 *
5 Potasslum uptake x number of marketable -
tubers/plant 0.661
6 Potassium uptzke x drymatter production 0.837**

** glgnificant at 0.1 par cent.



DISCUSSION



DISCUSSIN

1. Height of Plants

In general the height of plant was significantly
influenced by the nitrogen levels whether it was applied |
in one dose or in two splits, indicating the influence of
nitrogen on plant growth which is an established fact.
Eventhough organic manure at the rate of 10 t/ha was
applied at the time of planting it did not help to increase
the height of plants in the absence of inorganic nitrogen
in control plots. Nitrogen encourages piant helght through
its effect on rapid meristamatic activity. The present
reault on the height of plant is in agresment with the
findings of Purewal and Dargan (1959) in sweet .potato,
Dubey and Bhardwaj (1971) and Krishnappa and Shivasankara
(1981) in potato. |

Potash alsc was found to have very little influence
' ak
directly on plant growth. Higher lewvels of potash 90 to
120 kg per hectare influenced the height ouly aff early

stages of growthe.

Split application of fertilizers, was found to

- influence the height, may be because the nutrients were
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made avallable for a longer period when compared to
giving the entire dose at the time of planting. This
indicates that the split application is beneficial for

the vegetative growth than single doses.

2., Number of branchas

Coleué is a crop which branches profusely and produce
a good cover canopy. Higher'the number of branches mora
will be the spread more will be the number of leaves which
will help in better photosynthetic activity. So the
present study shows that nitrogen at higher levels (90 to
120 kg/ha) was found to increase the branches throughout the
plant growth, compared.to no nitrogen. Nitrogen applied at
the rate of 120 kg/ha was found to produce 88 more'numher
of branches over no nitrogen upto 90th day after planting
after which the variaticns were considerably reduced. This
shows that bettar branching takes place in the entire growth
gtage due to the influence of nitrogen. Similar observations
were made by Dubey and Bhardwaj (1971) on potato where it
was notsd that nitrogen increased number of branches per

plante
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similar trend was also noted in the potash levels
on the branch numbsr during ths growth period., So in
general both nitrogen and potash helped in increasing the

number of branches in coleus,

3, Number of functional leaves

The pnumber of functional leaves was also influenced
by the nitrogen levels over contrcl throughout the growth
period. Higher the number of functicnal leaves and longer
the duration of thelr sxposure better will be the photoe
synthetic activity. Onuueﬁe (1978) obaerved that fertili-
zation with nitrogen enables the Dioscorea crop to develop
as large a leaf area as possible so that when tubser initiag-
tion occurs thers 1s sufficient photosynthetic area to make
the tuber growth rapidly. '

In the case of potash alszo it helped in maintaining
the total number of functional leaves only at 60th day of
planting. wWatson (1947) pointed out that potassium increase
the size of the leaves in the early part of gfowing season,
though this effect had disappeared at harvest and that this
initial increase was sufficient to account for the differences

in yield of roots.
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Though the time of application of these nutrients
aid not help significantly on functional leaves there was
an increase of 11.5%, 8.9% and 27.6% for split application
over basal application during 30th E o0 tn day of planting

respectively.

4. Plant spread

As in the case of nuﬁber of branches and total number of
functional leaves the spréad is also an important factor
which helgs in the physiological activity of the crop.
Nitrogen alone was found to influence the spread from the
60th day of planting upto harvest. The rcole of nitrogen on
plant growth is an already establilished fact. As the nitrogen
helped in increasing the branches, it helped to increase the
spread. Similar observations were made by Purewal and Dargan
(1959) where thsy found that application of 50 1lb nitrogen
increased the length of vines in sweet potato. With regard
to potash or the time of application there was no significant

influence.

b

5+ Lz=af area index

The leaf area index was found to be significantly
increased by the nitrogen application during 60th and 90th

day of plantinge. Higher the nitrogen application, higher was
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the number o0f branches and functional leaves. This shows

that nitrogen application helped to increase the leaf area
significantly. Thus more LAIL was made avallable to the crop
for the various physiological activities of the crop including
photosynthesis, Russel (1973) stated that for many crops

the amount of leaf area available for photosynthesils is
roughly proportional to the amount of nitrogen supplied,

In the case of potash it was found &0 inZluence LAIL
only at 60th day. This was in agreement with the f£inding
of Watson (1947) where he observed that potassium increased
the size of the leaves. LAL was alsgso found to be influenced
by the combined effeat of.N and K at 60th day and higher level
of nitrpgen applied in two split doses was also found to
Influence the LAL at 90th day.

The splift application might have helped in increasing

leaf area durlng later stages of plant growth.

6. Tuber yield per plant

The number of tubers as well as thelr weight per plant

vere f:.- 77771 influenced by unitrogen application (Fig.3).

y -

Higher the nitrogen level, higher was the number as well as
weights Application of 120 kg N/ha was found to be signifi-
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cantly superior to 30 kg N/ha and control in both aspects,

it gave 112% more tubers and 84.6% more weight of tuber
compared to contrels, This was in agresment wlth the £inding
of Dubey and Bhardwa] (1971) where they found that nitrogen
increased the fresh and dry welght of potato tubers per plant
compared with controls given no nitreogen. Namblar gt al.
(1576) also reported that increasing rate of appllied nitrogen
significantly increased the number of tubers per plant in

swaeet potato,

In the case of potash higher levels of potash (60 to
120 kg Kzo/ha) were on - par znd superior over 30 kg and
control in both aspects (Fig.3). The higheat level of 120 kg
potash increased the number by 79% and tubsr weight by 71%
over control. Similar cbservations were made by Bautlsta

(1981).

Though split application significantly increased the
number of tuber per plant over basal dressing the weight of

tubers was not signifilcantly affected.

7. Marketable tubars

The data presented in table 22 and Fig. 4a & 4 b indicate

the number of marketable tubers. There was in general an
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increasing trend noted by the application of nitrogen £rom
zero 0 120 kg/ha which indicate that nitrogen application
helped in converting more number of roots into storage
organs. The number of tubers by nitrogen application has
increased £rom 21.4 to 58.4 . N uptake énd nunber of marketa-
ble tubers wera positively cqrrelated also. Das Gupta and
Ghosh (1973) also obtalned more tubers of blgger size by
nitEogen application to potato. They opioned that greater
Igrowth of the tubers under high nitrogen fertilization
possibly indicated greater trénslocation of photosynthates
from a relatively large source formed to the ever increasing
gink. With regard tb potash application beyond 60 kg of K
there was no positive effect on marketable tubar number,

The numbér of marketable tubars was increased from 22,6 to

49.5 from control to highest K application.

The data presented in table 23 indicats the weight
of marketzble tubers. The welight of marketable tubers was
increased by the increase in nitrogen application which shows
the influence of nitrogen on tuber weight. Tuber weight
was increased from 48.15 to 121,30 g by the increase in
nitrogen application f£rom 0 to 120 Eg kg/ha. With regard
to K application 120 kg KZQ/ha produced maximum welght of

tubers. But 60 kg and 90 kg K,o were or pare The tuber
)
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weight was also substantially increased f£rom 49.20 to
121.29 by the increase in K application from 0 to 120 kg/ha.
sharma gt al. {1976) also obtained similar results in

potato '

Percentage welght of marketable tubers was also
incraased by nitrogen application, For higher percentage
weight of marketable tubers nitrogen level can go upto
a maximum of 90 kg/ha, after which it declined slightly,
The increagse in percentaée welght of marketable tubers
varled from 42.2 to 61.4 per cent by the increase of
nitrogen from 0 to 90 Kge. Potazsium gpplication beyond
60 kg K,0/ha, had no significant effect in increasing
the percentage weight of tubers. It incresased from
47 per cent to 56.3 per cent by the K application £rom
zero to 60 kg/ha., Obigbesan_st al. (1982) also obtained
higher parcentage of marketable tubers by potash ferti-
1i,ation to Dioscorea spn: Time of application did not
help in increasing the percentage welight of marketable
tubers.,

8¢ Yield of tubars pner heotare

The yleld of tuber is the combinad influence of total
number as wall az welght of tuber, Studies on the number

and welght of tubors per plant also showed an increase with
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increasindg nitrogen levels, potash levels as Qell as

the time of application. When 30 kg R/ha was added 1

yield was increased by 5560 kg over the control, (Fig. 5a)
which.works_out 0 an average of 185.3 kg tuber per kg

of nitrogen added. When the nitrogen application was
increased £rom 30 kg €0 60 kg and f£rom 60 kg té 90 kg

and £rom 90 kg to 120 kg the lncreases were 46.0, 29.0
and 28.7 kg per kg of nitrogen added. This shows that
when coleus is fertilized with a basal dressing of 10t
farm yard manure per hectare, it wil;.ba sufficient to
apply 30 kg N/ha to give a substantiai yield per kg of N,
after which the increass in yield wés proportionately
reduced. Nitrogen can be applied to a maximum of Golkg/ha'
for total tuber yield which was on par with the higher
levels. Similar trend was noticed in.bulking rate,
nutilisation index and number and weaight of tubers also.
This shows that application of 60 kg N/ha was sufficient
and further increase was more utilised for top growth
rather than for stor;ge purposg. Sionificant and positive
correlation was obtained between nitrogen uptake and
tuber yleld/ha. Similar results were obtained in coleus
by singh and Maini (1969) indicating that beyond 60 kg N/ha

was not necessary. Thyagarajan (1969) also found that in
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coleus there was linear incresase in tuber yield upto

60 kg N/ha.

Fl

| The role of potashlin tuberization has been substantia-
ted in this exper;ment by the uniform increase in tuber
vield when the nutrient level was proportionately increased.
In control plots it recorded an yield of 9.14 t/ha and
with every incrsase of K20 level, the yield was proportiona-
tely increased to 13,62, 15.59, 17.15 and 19.78 t/ha
which was equal to an increaqe of 49 percent, 70.7 per cent
91.58 per cent and 116.4 per cent respsctively over'control.
Potash uptake and yileld ¢f tubesrs per hectare waipositively
correlated. Similar results wers obtailned in a triazl
conducted at Coconut Research Statlion, Nileswar where it .
was found that coleus responded to potash applications
at the rate of 120 kg/ha by giving an yield increase of
627 kg over potash applied at 40 kg/ha (anon 1978).

Split application of nutrients was also found to

increase the yield by 2.72 t/ha over basal application
(rigs Sb). This shows that split application was benefi-
¢lal in coleus ;han a single basal application. Similar
observations were made by Shukla and Singh (1975) in
potato and Singh and Maini (1269) in coleus. Split



(o=

105

application of potash was associated with efficient
absorption and translocation of nutrients from the

soil and foliage (shula and Singh, 1975)

In the presence of highest level of 120 kg Kzo/ha
levels of nitrogen N,, Ny and N, were found to influence
the yield, aighificantly compared to other combinations
as well as control. A linear increase in tuber yleld was
recorded with the lncremental dose of potash application.
In the presence of nitrogen alsc the same trend was noted.
The influence of potash on tuberisation ié an established
fact and the nitrogen was helpful in the deVelopmént of
foliage which enhanced photosynthetic activity and tuber
bulking., Therefore in the presence of adegquate amount of
nitrogen the crop was able to convert more of photosynthates
in the better tuber development and tuber yield. So
coleus crop was found to give substantially higher ylelds
at higher levels ¢f potasi in the presence of medium

level 6f nitrogen. Though N combination gave the

a%a
highest yield of 2344 tonnas/ha 1t was found on par with
NaKa and N K, combination. N4K4 produced an yleld which
was nearly 249 per cent more than the control. From
the table 33 it can be noted that difference in the

average profit between N4K# and NZKA is only marginal.
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N2K4 combination also gave an yleld as high as 241.6 per

cent over control.

9, Total dry matter vield

Nitrogen had already besen found to influence
the héight of plant, nunber ¢f leaves, number of branches
and spread of plant and better yield. Thus it had
indirectly helped in increasing total dry matter yield
{(Fig. 6a). Higher levels of nitrogen in general
helped to incresase the dry matter compared to lowest
level or control and among higher levels the difference
was only very little and so it indlcated that 60 kg N/ha
was as ¢ood as 120 kg M for dry matter accumulation.
The data in table 31 also indicate the N uptake by
the crop at dlfferent levels 0% nitrogen, A positive
correlation was also found to exist bestween N uptake
and dry matter production. Mandal gt al. (1971) had
made similar observations where they found that maximum
dry matter content was noticed at the nitrogen dose of

75 kg/ha in sweet potato.
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Similarly an increasing trend in dry matter
production was noted by the K application (Fig. 6a)e.
Positive correlation was obtained betwaen potash
ﬁptake and yield of tubers/ha. A maximum of 120 kg
potash was found to be superior over all other treat-
ments, may be because it helped in better tuberization

and tuber yield.

Split application of fertilizers was found to be
more efficient than a single basal application in dry
matter accumulation (Fig. 6b). Split application
helped the plant in ac¢cumulating more nutrients and
thereby helping more photosynthesis and dry matter
accumulation. Similar observations were made by Singh

and Maini (1969) in coleus.

10. Bulking rate

From the data (table 27) and Fig. 7 it may be
noted that application beyond 60 ﬁg N had no influence
on the bulking rate. All the higher levels (60,90 and
120 kg N/ha) were superior over 30 kg N and control.
Nitrogen at the rate of 60kg/ha increased the bulking
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rate by 84. 2 per cent over control and 48.3 per cent
over 30 kg N. Tuber bulking rate mlght have been
influenced by the leaf area index (Table 18~19) and
nitrogen uptake (Table 31). Similar observations were
made by Russel (1973) where he stated that root crops
benefltted from nitrogen manuring through the increased

leatf arsa brought about by the nitrogen.

The highest level of 120 kg Kzo/ha was found to be
superior over all the levels and control. K was found
to influence directly the tuber welght and tuber size.
Potash at the rate of 120 kg/ha increased the tuber
bulking rate by 156.2 per cent over control. This is
in agreement with the finding of Shukla and Singh (1975)
in potato where they found that application of 180 kg
Kzo/ha to potato gave significantly higher rate of bulking

over others.

1l. Utilisation Index

Utilisation index (Fig.8) shows how much of the food
material synthesised have been utilised for tuber develop-
ment., In coleus it was found that there was no significant

variation in this aspect when the nitrogen application
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was increased from-GO kg to 120 kg N/ha (Fige8). Since

90 kg and 120 kg were on par and superior to 30 kg and
control, it will be sufficient to apply 60 kg N to coleus
wvith regard to this factor. Nitrogen at the rate of 60 kg/ha
gave an index oﬁ 3+16 which was about 21 per c¢ent and

49 per cent more efficient than 30 kg N and control

respectivaly.

Though all the levels of potash were found superior
to no potash application, with regard to utilisation index
the variation between the consacutive levels were not
significant. May be that the variation in the doses were
small to éhow any drasti¢ variation in the index. This
can be seen from the table where 120 kg was superior over
€0 kg and 30 kg and 90 kg was found to be superior over
30 kg N/ha (Fig.8). Shukla and Singh (1975) also found
that higher application of K improved the tuber efficiency.

The combined effect of N and K were also found to be
significantly influencing the utilization index. The
highast index was expressed by 120 kg N and 20 kg potash
and the least index of 1.08 by control.

Tima‘of application did not show any effect on

£hig aspect,
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12~ starch content

Though the starch content was not significantly
influenced by nitrogen application 30 kg N/ha produced
maximum starch content. The starch content decreased
with increasing levels of nitrogen application., This
was in agreement with £inding of Verma gt al. (1975)
where there was a negative relationship for nitrogen

content and starch content.

Starch content of tuber has been found to bs
influenced by higher levels of potash over lower levels
and the control. Since the difference betwean Ké and
K

4
be applied to substantially increase starch content in

being very little it is enough that 90 kg KZO/ha

coleus.

Split application has also been found to bs e@ffi-
clent in the production of starch compared to basal
application. This is in agreement with the finding of
many workers viz. Belyaev gt al. (1981) and Shukla and
Singh (1976).
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13. Protein content

The direct influanca-qf nitrogen on protein
‘content of tubers can be seen frqm the data. The
variation in thes protein content between 90 aﬁd 120 kg
N/ha and 30 ké and 69 kg N/ha were very little. So
application of 90 kg N will be sufficlent to substantially
increase ﬁha protein content compared to lower levels
and control. This Was‘in agreement with the f£indings
of Singh and Maini (1969) in colour. Wilcox and Hoff

(1970) in potato.

14. Total N uptake

The total nitrogen upitake by the crop was found to
be directly influenced by N and K application as well as
split application as sezn from table 31 and Fig.9.

By increasing N 1eveis from 0 to 120 kKg/ha ., the
ubtake was also.increased from 28,62 to 75.66 kg/hae.
In the case 0f K aléo the increase in N uptake fkom control
to the highest level of 120 kg K,0/ha was from 38¢22.to
69.36 kg/ha. Loue (1979) also réported that nitrogen .
and potash removal increased with increasing épplications

of nitrogen and potash fertillizers respectivély.in potato.
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Thus it may bé_noted that ¥ and K fertilizer application
help to increase the uptake of N in coleus. Similar
results were obtained by Nalr gt ale. (1976) in sweet
potato and Grewal et al. (1979) in pétato.

Split applicaticn of nutrilents as wWell aé higher
levels of nutrients (N and K) directly help in the
uptake of Neo This has been shown by singh and Maini (1969)
in coleus and Sagar and Singh (1973) in potato.

15, ¥ uptake

alse
In the case of total uptake of K the same trend was

alse noted (Fig.9). Highest levels of N helped to increase
the uptake of potash by 30.04 kg over control. In the
case of potash an increasing trend had bzen noted £rom
control to highest level and the variation between control
and highest level was 48.87 kg/ha. Varis (1973) also
showed that nitrogen fertilization increased N, P and K
uptake in potato., Sharma a_-]ééiéi; (1976) proved that
applied K increased K uptaﬁe in potato.

Split application of nutrisents was found to favour

the K uptake compared to single basal application,
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Similarly Shukla and Rao (1974) reported that recovery
of applied potassium was highest with the three-splits

and lowest with single basgsal dressing to potato.

16. Economics of productlion

From the data on economics of production it was
found that maximum net profit (i.19,470.10) was obtained
by the split application of 120 kg/ha each of nitrogen
and phosphorus. But it was closely followed ($.1é,726.2o)
by the split application.of 60 kg N and 120 kg K,0/ha.
The yields obtained by 60 kg N/ha was as good as that
obtained bfnéd-kg N or 120 kg N/hé. So the economical
dose of fertilizer combination for coleus can be 60 kg N,
30 kg P,9; and 120 kg Kzo/ha applied half nitrogen and.

potash as basal and balance 30 days after planting;
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SUMMARY

An investigation was carried out in the Insgtruc-
tional Farm, Ccllege of Agriculture, Vellayani, during
11982 with the objective of fixing an optimum dose and
gsultable time of application of nitrogen and potash
to coleus. The different levels of nitrogen and potash
tried were 0,30,60,90 and 120 kg/ha. The two times of
application were entire dose as basal and half basal
and half thirty days after planting. The experiment
was lald out in a randomised block design with two
replications. The results of the study are summarised

belows

1. The effect of nitrogen on plant height was
significant in all observations. But the
offect of potash on plant height was signi-
ficant only at 30th day after planting.

Ths tims of application of nutrients had no

a@ffect on plant hsight.

2. Nitrogen levels increased number of branches
at all stages except at harvest. Potash
levels showed significant difference on

number of branches dnly at 60th day and
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90th day after planting. The time of appli-
cation of nitrogen and potash had no effect

on number of branches per plant.

Nitrogen at the rate of 120 kg/ha gave the
maximum number of functional leaves at all
stages. Potash levels had no significant
influence on number of £unctional leaves
except at 60th day. Nitrogen at the rate
of 90 kg/ha applied in two split doses gave

the maximum number 0f functional leaves.

Nitrogen levels in general produced better
gpread and superior to control excspt at ths
early stage. Potash levels and time oFf
application of nutrients had no offegt on

plant spreade.

Nitrogen at the rate of 120 kg/ha produced
the maximum LAI, Potash levels influenced
LAI at 60th day of planting. The timings of
nitrogen and potash application had no effect

ol LAX at any stagfe
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Number of tubers per plant was the highest
at 120 kg N/ha. Potash at the rate of 60 kg/ha
was as good as 90 kg and 120 kg/ha in producing

numbger of tubers per plant,

Nitrogen at the rate of 60 kg/ha produced as

much weight of tubers per plant as that of

90 kg and 120 kg/ha. So also 60 kg Kzo/ha was

sufficient to produce higher walght of tubers

per plant, 7The time of application of N and
Signi fpeomk - _

K had no.effect on tuber yield per plant,¢&muﬁb

Split application of nutrients showsd an

increasing trend in tgbar yield per plant

than basal application,

Highest number of marketabls tubers pex plant were
produced by the aprlicaticn of nitrogen at the
rate of 120 kg/ha. FPotash at the rate of 60 kg/ha
was as good as 120 kg/ha in the production of
number of marketable tubers per plant. Split
application of nutrients produced higher number

of marketable tubars per plant.

Highest welght of marketable tubers was produced
by nitrogsn at the rate of 120 kg/ha and potash
at the same rate. Increasing trand in weight of

maerketable tubers was shown by split application.
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Highest percentage welght of marketable tubers
was given by nitrogen at the rate of 90 kg/ha.
Potash at the rate of 90 kg/ha was as good as
120 xg/ha in the production of percentage weight
of marketable tubers., Timings of N and K appli-
cation had no effect in percentage weight of

marketable tubers.

Nitrogen at the rate of 60 kg/ha was sufficient

- to produce higher tuber yield/ha, Highest lavel

of potash (120 kg/ha) produced maximum yield of
tubers/ha., Split application of nutrients
produced the highest yield over the single
basal application.

Nitrogen at the rateof 60 kg/ha and potash at
the rate of 120 kg/ha is sufficlent to produce
highast drymatter yield, Maximum drymatter

vield was given by split application.

Nitrogen at the mte of 60 kg/ha was as good as
90 kg and 120 kg/ha in producing higher bulking
ratees The highest wvalue of bulking rate was
given by potash at the rate of 120 kg/ha.

Split application of nutrients increased thé
bulking rate over single basgsal application.
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Utilisation index was also higher at 60 kg N/ha
and was at par with 90 kg and 120 kg/ha in this
respect. Potash at the rate of 90 kg/ha was as
geod as 120 kg/ha in producing higher utilisae
tion index, Timings of N and K application had
no effect on utilisation index,.
Nitrogen had no effect on starch content of

ak theo >
tubers. Potash rate of 20 kg/ha gave higher
starch content of tubsrs. Split application

was superior to single basal application,

Protein content was higher at 90 kg N/ha and was
as good as 120 kg N/ha. Nelther potash levels
nor time of application had any effect on protsin

content.

Highest nitrogen uptake was noticed at 120 kg N/ha
and potash at ths same rate. Split application
increased nitrogen uptake over single basal

application.

Highest potash uptake was also observed in
treatments where nitrogen and potash were applied
at the rate of 120 ka/ha. split application
increased the uptake of potash.
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It was clear from the eccnomics of production
that a fertilizer dose of 60 kg N, 30 kg'ons
and 120 kg K,0/ha applied in split doses can
glve a net profit of .18, 720/hectara.

FUTURE LINE OF WORK

.Based on the prasent study ths following future

line of work are suggested,

1.

2

Fe

Diffarent N, P, K ratlos may bs studied
taking into account the present investi-

gatione

" More number Of splits of N, P, K may be

studied,

Agro=-taechniques may be developed to increase
the percentage of marketable tubers, so as

to give maxXimum net return.
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APPERDICES



Weather Data ¢

January
Fabruary
Harch
April
May

Juns
July
Aucgust
September
Octobar
November

Daocenber

Aopendix I

Avaerage values for past 24 years {(1956-1980)

Rainfall Temparature %% Humidity

(mn) Meximum Minimum (parcent)
34,62 30,93 22446 79.88
36,00 31434 22,87 82,05
35,006 32.17 24 .00 81.36
89,16 32,27 25402 83029
197,70 31.75 24,92 85,07
29220 30.42 23495 85413
220,20 29,72 23446 87.18
138,63 29477 23,22 B86.02
150,28 30612 23436 85,77
| 264.14 29,70 23,76 87.41
208,05 29,91 23481 86497
71,85 30,66 23+ 26 84,78

-



Avpendix II

Analysis of variance - Height of the plants

Mean square

Source  df 30th day GOGh day — O0€h day 120th day
&
Block 1 41,35 = 30.51 65045 12,45
®W ik * L 4
N 4 30.72 75446 640 14,62

4
K 4 .42 9.21 0.67 7.2

R
P 1 0.51 31635 0.61 50047
N x K 16 3.12 5.30 4,76 3,28
Nx?T 4 3-82 D.84 1.90 1.74
Kx T 4 2464 0.89 0,76 - 2,00
NxLxT 16 1.64 2.91 2.28 3.21
Exrroxy . 49 2266 5.15 2+18 5.18

** gignificant at #,80 per cent
* gignificant at$¥.09 per cent




Appendix III

Analysis of variance - Humber of branches

Maan sguare

Source ag
30th 60th 90th "120th
day. day day . day
Block 1 137.358 341,087 633,75 1.441
s 27,05 133.5" 1709,7* 41,96
4 0,77 48.16 450,07 8.59
1 8,55 23,69 81,06  23.5
NxK - 16 3,32 16,94 143.89  36.4
N xT 3 5,83 5.29 29.84 24,16
£x T 4 4,99  11.92 48,83  42.39
NxKxT 16 3.79 9.69 96.29 44,79
Error 49 5422 17,48 112,37  26.69

!

*% Significant at 4.40 per cent

# significant at 9.0 per cent



Annondise IV

Analysis of variance - Humber of functional lsaves

Mazh sguare

sourcs at 30th day o0th day 90th day  120th day
Block 1 1754.12 3023,9§ 1218400 1219,00
H 4 1961.;; 5461.35 20267.33 3697,.50
3 4 3064866 2608.75  4645.75 3903.99
1 1323.06  2173.,99 908499 51100
N x K 16  203.29 543,65  2989.75 3377.19
N x T 4 113605 375,00  2351.50 2920.00
KT 4 540463  1132,49  2074.95 1427.75
NXKxT 16 296,57 327,63 166544 2088.00
Error 45 430,41 709,25  2825.77 2667.26

w* Significant at 4.0 ver cant
* Significant at $.00 per cent



Appendix V
Analysis of varlance « Spresd of the plants

Mean square

Source dg "
. 30th day 60th day 90th day 120th day
K

Block 1 330422 156489 16.88 255,69
N 4 29.23 410.55 573??@ 228,48
K 4 15.25 80452 54411 101.124
T 1 2,50 65491 8481 104.69
N x K 16 6475 107,18 78.66 87.11
Nx7T 4 26.85 19.99 41,02 6448
KxT 4 13.91 10.11 5.81 103.88
NXKxT 16 11.26 32,82 29.44 60488
Error 49 22415 70.70 96452 66445

«* significant at #.00 per cent
* Significant at 5:0@ per cent



Appenddx VI
Analysis of variangs ~ Lesf area index

- Mean square
Source ag 60t day S0t day
Block 1 16.56" 04459
W o
N a 22407 1.58
K 4 5¢15 0.322
T i 093 0,29
- ¥x
Nox K 16 4441 0329
NxT 4 3,02 0,751
Kx T P 0.514 0,198
HNxEx® 16 1.69 0.150
Error 49 1.85 0.206}

W% Signidficant at ej..ao per cent
* significant at 4,00 per cent



Appendix VII

2nalysis of varlance - Toital number of tubsrs/plant

Sourge as

Bloek 1 125,25
8 4 7280,5"
o e

K 4 536110
S 1 4329,44
e

N x K 16 1176482
HxT 4 40,29
ExXx7T ) 4 287011
Nk KX T 16 148,06
Error 49 315.08

«% significant at $.00 per cont



pendix VIII

Analysls of variance « Tuber yileld/plant

Source aE
Block 1 5813.99
N 4 265223,73
R
4 4 30266,21
T 1 4808.99
Nox K 16 5255,75
NxT 4 3346.75
KxT 4 9950475
Hx Kx T 16 4841.43
Error 49 4852406

*# gignificant at .00 pur cent



Appendiz  IX

Analysls of variance = Nunbar of marketable tubers/plant

Sourca gg
Block 1 27,062 _
N 4 3807.51"
o o
K 4 2636454
P 1 161608
N x K 16 331,37
NxT 4 57023
X T 4 66-70
HNxKxT 16 61492
Brror 49 105,65

#% Significant at !1.&.0 par cent

v Zigniiicaat at {1.06 por cent



Appendix X

Analysis of varlance- Weight of marketable tubers

Source dg Me5
Block 1 6849
N o 4 1274066
K ' 4 488,53
T 1 125,92
N x K 16 156426
=T 4 5042
Kz T 4 23,467
N2KxT 16 21.38

Ercor 49 74479

o Significant at ;{Lm par eent -



Avoendlx XI

Analysis of varlaice = Parcentage welght of marketable tubesrs

Souree G ’ MeSe | Py . ns
Blogk ! i 1005
w
H 4 37035.5
Ak
K 4 19048,98
T 3 1937.47
Hx K 16 2450626
NxT & . 1114413
K7 4 3252.87
NxK=x7T 16 1661.79
Brrop 39 1671452

*%* Significant at ﬁ.ao por <ant



Appendix XiIl

f-'malysis of variance e Yield of tubers/ he

Sourae a€ | | M.S.
Block 1 464283
N 4 226,85
K 4 320,09

"

T 1 185,66
B % K 16 9,68
NxT 4 5415
Rx T 4 6486
NRK=xT 16 1.92
Seror 49 4449

wv Significant at .40 per cant
* gignificant at {00 per ¢ent



Aonendix  XIXZ

Analysis of wvariaence - fotzl drymatier yisld

Sourge sk Mzoan sguara

Block 1 305587040

& ¢ 1156359250

K 4 136780640

@ | 1 4773112:0

N % K 16 422752..04

N XD 4 127807.9

ExT g 631871 .68
NxKXT 16 408911.68

- Erzor 49 48678112

w% Significant at ﬂ.@o per gent
% Bigmificant at d.00 psr cent



Appendix XIV

Analysis of variance-~ Bulking rate

source ag Mean square
"k
Block i 14,3
o
B _4 1555
K .4 22,56
%t
T o : 1 21,93
Nz K 16 1.848.
Hx 72 _ 4 ' 1,052
Kx % ) 2565
Nx KxT i¢e 06902
Error 49 1.15

** Simmificant at 2.0 per cant



Appendix XV

Analysis of variance = Utllisation Index

sourcs af Yaesn sguars ]
Block i 291

N 4 5,76

K 4 8o38"

T 1 1.708

N K 16 198

NxT 4 0e423

Rx? & 0351

N K& T 16 Ca354

Exror 49 0792

wx gignificant at .20 per cent
* significant at §.08 per cent



. 5 %}y
..3#'" z-“‘:.*.nf.‘.i:: Y i

Analysis of variange = Starch content

sourca aE : 230 s5@uars

Bloock k] Q.00
N g 31,64

&

K 4 641.11

. oW

T i 9645
Nox K 16 40497
NxT 4 22.84
MNxKK=x?T 16 14,95
Error é5 20455

A% Significant at d.60 par cant

* Significant at 5.00 per cent



Apgendix XVIiL
Analysis of variance « Protein contcent

source ag ' Mean square

Block 1 4,398
N 4 31,3657
K’ 4 3.119
T 1 1,137
N x K 16 2768
NxT 4 0606
KxT 4 1.662
NXxKxT 16 1.846
Error 49 T 14639

#% Significaont at .40 per cent



Anvendix-AVIITI

Analysis of variance - Total nitrogen uptake

Sourecs at Mean square
Block 1 912,48"
N 4 6298,25"
Wi
4 4 2001425
i
T i 1419,37
NxK 16 182.32
NxT 4 25w80
ExT 4 217.37
MxKx?T 16 B6+59
Error 49 119,01

a#% Significant at d.0p per cent



Appendix- XIX

Analysis of varlance - Total potassium uptake

source ag Mean square
1 3 ]
Block i 762:75
N 4 2606400
K 4 6998.01
T 1 4275.539
Ti
N %K 16 290,33
NxT 4 46.97
KT P 256452
HxX KxT 16 54420
Error 49 7342

*% Significant at'ﬂ;ao per cent
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ABSTRACT CLr

an oxperiment was conducted at the éollage of \
- ¢

H

out the optimum doses Of nitrogen and potash and also their

Agriculture, Vellayani with the objective of £inding

suitablo time of application to coleus (Coleus parviflorush

The levels of nitrogen and potash tried were ¢, 30, 60,
90 and 120 kg/ha each. The two timings tried were

entire dose as basal, and half basal and half thirty Y
days after planting.

s

Nitrogen had significant affect con plant height,
nunber of branches, number of functional leaves, plant
spread and leaf area index whereas levels of potash had
not much effect on these aspects excopt at early stage.
Time of application of nutrients had no offect on these

growvth characters.

Nitrogen at the rate of 60 ka/ha was sufficient to
produce higher yield of tuber per plant and higher number
of marketable tuber per plant., Highest waight of marketa-
ble tubers was obtained at 120 kg N/ha and highest percen-
tage welght of marketable tubers was given by 90 kg N/ha.



Nitrogen at the rate of 60 kg/ha was sufficient to
produce higher ylolds, high dry matter yvields, maximum
bulking rate and the highest utilisation index. When
nitrogen level was increased to 90 kg/ha protein content
has reached the maximum. Nitrogen levels had no signi-
ficant effect on starch content of tuber., iHighest
vield of tuber and highest dry matter yield/ ha vers
obtained at the rato of 120 kg qufha. gplit applica-
¢ion of ﬂitrogen and potash provad to be tha best method
for cbtaining higher weight of marketabls tubers, higher
tuber yisld per plant, maximum drymatter yield and
highest tuber yield /has. Bulking rate was also increased
by split application of nutrients,

The study revealed that for economic production of
coleus, a fertdlizer dose of 60 kg H, 30 kg 9205 and
120 kg K,0/ha may be applicd im two split doses, half
nitrogen, half potash and £ull phosphorus as basal and
the balance 39 days after planting.



