PARTIAL SUBSTITUTION QF
POTASSIUM WITH SODIUM
IN SWEERET POTATO

By

JCGGY MARIAM GEORGE

THESIS
SUBMITTED IN PARTIAL FULFILMENT OF REQUIREMENT
FOR THE DEGREE
MASTER OF SCIENCE IN AGRICULTURE
FACULTY OF AGRICULTURE
KERALA AGRICULTURAL UNIVERSITY

DEPARTMENT OF AGRONOMY
COLLEGE OF AGRICULTURE
VELLAYANI, THIRUVANANTHAPURAM

1995



DECLARATION

I hereby declare that this thesis entitled Partial
substitution of potassium with sodium ain sweet potato 1s a
bonafide record of research work done by me during the course of
research and that the thesis has not previously formed the basis
for the award +to me of any degree diploma assoclateshap

fellowship or other similar title of any other university or

society

JoggyMor o> 727G
Vellayana JOGGY MARIAM GLORGL

/19 /o r99%



CERTIFICATE

Certified that this thesis entitled Partial substitu

ti1on of potassium with sodium in sweet potato 15 a record of

research work done independently by Mrs JOGGY MARIAM GEORGE
under my guidance and supervision and that 1t has not previously

formed the Dbasis for the award of any degree fellowship or

assocliateship to her

S

Prof P Chandrasekharan
Professor and Head
Department of Agronomy
College of Agriculture Chairman of the Advisory
YVellayani (9 -10 199s Committee



APPROVED BY

CHAIRMAN
Prof P CHANDRASEKHARAN M n)—=2
MEMBERS
1 Dr G RAGHAVAN PILLAI Fle,

2 Dr (Mrs ) V L GEETHAKUMARI Qjﬂt\w
R

3 Dr (Mrs ) P PADMAJA %\W

EXTERNAL EXAHNINER AY ('Md\\{\ A

RSN



ACKNOWLEDGEMENT

With 1mmense pleasure I express my deep sense of
gratitude and aindebtedness to Prof P Chandrasekharan Professor
and Head Department of Agronomy and Chairman of my Advisory
Committee for his inspiring guidance helpful criticism and
valuable suggestion during the course of this investigation and

preparation of the thesais

I owe my flow of thanks to Dr (Mrs ) V L Geethakumara
Associate Professor Department of Agronomy for her valuable
suggestions active guildance constant encouragement and whole
hearted help which have greatly facilitated the production of

this thesis

I wish to place my deep sense of gratitude to
Dx G Raghavan Pillai Associate Director of Research (Farms)
Kerala Agricultural Unaiversaty and Dr (Mrs ) P Padmaja
Professor and Head Department of Sorl Science and Agricultural
Chemistry members of the Advisory Committee for their +taimely

suggestions and valuable help at all stages of the study

I express my sincere gratitude to Dr M Oommen
Professor of Agronomy Dr R Pushpakumari Associate Professor
Department of Agronomy Smt Sudharmai deva CR Assastant

Professor Departnent of Soil Science and Agricultural Chemistry



Dr G Muraleedharan Nair Scaentaist CTCRI and Smt Geetha K
Ph D Scholar Department of Agronomy for their guidance

suggestions and help rendered during the study

I am thankful to Dr (Smt ) P Saraswathy Professor
and Head Department of Agracultural Stataistics for her wvaluable

help in analysis of the data

I am grateful to Mr CE Ajithkumar Programmer
Department of Agricultural Statistaics for +the timely help
rendered duraing the statistical analysis of the data I am also
thankful to Simple Soft Computers for preparing the graphs and

figures

I +take +this opportunity to express my thanks to the
teaching and non teaching staff my classmates senior and junior
students of Department of Agronomy College of Agriculture

Vellayani for all their guidance and timely help rendered to me

I accord my sincere thanks especially to Naveen Nizam
Sura] George Shalini chechi Sheeba Aneesa Seeja Deepa
Maini Beena Anitha Deepa Anina Manju Bandu Veena chechi
Ragjasree checha Jannet Jayalekshml Irene Nimmy and other
friends of the Ladies Hostel College of Agriculture Vellayanai
for thear kind co operation and help during the course of

investigation



I would like to especially thank Smt S Sreelatha for

neatly typing the thesis

I am grateful to my parents and sisters without whose
encouragement and sacrifice this study could never have seen

laght .

I am infinitely indebted to my husband his parents and
sisters for their innumerable help and encouragement during the

preparation of this thesas

Finally I +thank the Indian Council of Agraicultural
Research New Delhi for awarding Junior Research Fellowship for

carrying out the Post Graduate programme

Above all I am thankful to God whose blessings enabled

me to complete this endeavour successfully

gy oGy

JOGGY MARIAM GLORGL



CONTINTS

Pages
by
INTRODUCTION
5 R3
REVIEW OF LITCRATURE
a a
MATERIALS AND METHODS
RESULTS
&
DISCUSSION
g5 9
SUMMARY
\
REFERENCES
APPENDICES

ABSTRACT



No

la

1b

10

11

12

LIST OF TABLES

Mechanlcal analysis of the soil of the experi-
mental site

Physico-chemical properties of the soil of the
experimental site

Effect of potassium substitution by sodium on
length of wvines (cm) during various growth
stages

Effect of potassium substitu?ion by sodium on
number of branches plant during various
growth stages

Effect of potassium substitution by sodium on
Leaf Area Index during different growth stages

Effect of potassium subsgitution by sodium on
number of +tubers plant —, length of tubers
{cm) and girth of tubers (cm)

Effect of potassium substitution by sodium ?n
marketable tuber yileld and vine yield (t ha *)

Effect of potassium substitution by sodium on
quality attributes of tubers

Effect of potassium substitution by sodium on
cooking quality of tubers

Effect of potassium substitution by sodium on
pest scoring of tubers

Effect of potassium substitution by sodium on
physiological parameter

Effect of potassium sEbstitution by sodium on
dry matter (g plant ~) during various growth
stages

Effect of potassium substitution by sodium on
nutrient content of tubers (%)

Page No

g

ut?

b

[

54

66

59



13

14

15

16

17

18

19

Taitle

Effect of pota551uF substlt&tlon
uptake of nutrients (kg ha ~) at

Effect of pota5511m substitution
s0il properties at harvest

Effect of potassium substitution
agronomic efficiency

Effect of potassium substitution
physiological effi01ency

Effect of potassium substitution
recovery fractior

Effect of potassi'm sodium substitution on
economics of sweet potato cultivat:ion

Value of saimple correlation

by sodium on
harvest
by sodium on
by sodium on
by scdaium on
by sodaium on
the
coefficient

between yield and other parameters

Page No

to

Cr

66

b7

69

T



No

LIST OF FIGURES

Title

Weather condition during the cropping peribd

Lay out plan

Effect of potassium substitution by sodium on yield and
yield attributes

Effect of potassium substitution by sodium on growth
characters of sweet potato at harvest

Effect of sources of nutrients on yield, yield
attributes and economics

Effect of potassium substitution by sodium on the
nutrient uptake of sweet potato

Economics of substitution of potassium by sodium on
sweet potato



LIST OF APPENDICES

Title
Weather data during the cropping period
Score card {for the organoleptic evaluation of

cooked sweet potato

Quantity of KCl1l and NaCl applied for sweet potato



LIST OF PLATES

Title

Effect of SUUDLLVULLIVIL Ul PULADSLUWIE WL UIL SOU LN

on the tuber yleld of sweet potato

Effect of sources of nutrient on the tuber yield
of sweet potato



KC1
NaCl
Ca
Mg

o,
C

kg ha !
Rs ha 1
mg

cm
mM 11
PpPm

1bs

meq 1 1
g day 1 plant 1
g cm 2 day

RGR
DAP
dsm 1
LC
CEC
CD

SE

NS

LIST O ABBREVIATIONS

Nitrogen

Phosphorus

Potassium chlorade
Sodaum chloride

Calcium

Magnesium

Per cent

Kilogram per hectare
Tonnes per hectare
Rupees per hectare

Gram

Millagram

Metre

Centi meter

Milla moles per litre
Parts per million
Pounds

Milla equavalents per litre
Gram per day per plant
Gram per square centimeter
per day

Relative growth rate
Days after plantaing

decy siemens per metre
Electrical conductivaty
Cation exchange capacity
Critical difference
Standard error

Not significant



INTRODUCTION



1 INTRODUCTION

Fertilisers play a pivotal role in building up
comfortable food grain buffer in our country Among the
fertiliser elements potassium the quality element for crop
production plays a very important role in maxamising and
sustalning agricultural production It is required by plants in
large gquantities almost equal to N or sometimes even higher and
in tuber crops it plays a dynamic role in modifying the yield
In tuber crops K 1s associated with starch synthesis leading +to
the promotion of tuber growth through the accelerated +trans
location of photosynthates from leaves to tubers Potassium
affects the root yield of tuber crops more +than any other
element by increasing photosynthetic efficiency High potassium
levels also lncrease leaf area duration and excessive leaf growth
15 suppressed resultaing 1n higher root yield (Hahn 1977)
Potassium being an important nutrient for tuber crops a good
share of the cultivation expenses accounts for the cost of +this
particular nutrient In India the entire reguirement for K
fertilizer 1s met through imports only and hence a major share of
our foreign exchange is drained out of the country As such it
is +the urgent need to assess the possibility of substituting K

with some cheaper nutrient especially for tuber crops



Sweet potato (Ipomoea batatas L ) being a major —tuber
crop with diversified uses +this study is intended to azsess the
possibility of substituting K with Na in this crop Sweet potato
tubers are eaten baked or boiled or converted lntc several food
products 1like noodles flakes pickled sweet potato etc Sweet
rotato starch 1s used in textliles and paper industries and for
the production of liquld glucose and high fructose syrup The
young shoots and leaves are used as vegetables and also in animal

feed

In terms of productivity per unit time it exceeds many
crops of the tropics It 1s valued for its shorter duration of
90 120 days high yield of 256 t ha ! mass production of calories
at 120 kilo calories per 100 g of edible portion (Gopalan et al
1972) high starch content of 1B-25 per cent on fresh weight
basis (Theodor and Jacoby 1965) high carotene of 10 5 to
39 6 mg per g (Massey et al 1957) and ascorbic acid content of
25 mg per 100 g (Ananthanarayanan 1968) Sweet potato 1s a
drought +tolerant crop It possesses the unique capacity of
utilising +the solar radiation efficlently in terms of synthesis
of carbohydrates and storing them in tubers The most important
advantage of sweet potato cultivation is its low input require
ment Being a short duration crop it fits well +to system of

relay cropping I1intercropping and rotations with various crops



NASA in USA has identified sweetpotato as a future crop for

interplanetary missions

Considering the cost of cultivation of sweet potato
21 67 per cent is occupied by fertilizer out of this 45 per cent
is for K fertilizers alone Therefore the cultivation expenses
can be substantially reduced by substituting this expensive
input by some other cheap material Apart from this the recent
economic constraints imposed in the country along with eroding
value of rupee in the international foreign exchange market have
focussed +the need for increasing self reliance in the usage of

cheap indigenous fertilizer materials

It has been established in crops like tomato (Besford
1978) spinach (Lehr 1949) and barley (Lehr and Wybenga 1958)
that potassium can to certain extent be replaced by sodium in
crop nutrition In other crops like coconut where in though
potassium 1is a highly preferred nutrient element Mathew et al
(1984) found that substitution of Kp0 by Nay0 to the extent of 50
per cent or even 75 per cent did not reduce the yield of nuts

when the palms were grown in laterite soil

Partial substitution of potassium by sodium will enable
the growers to reduce the cost of cultivation of sweet potato and

thereby reap better profit besides its positive impact on solving
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the vexing problem of foreign exchange drain to a certain extent

To reduce our dependence on import of potassic fertilizers the
research and development work must be strengthened for exploraing
our indigenous resource materials as well Hence +the present
investigation on partial substitution of potassium by sodaum in

sweet potato was undertaken with the following objectives

1 To assess the possibility of substituting potassium with
sodium in sweet potato

2 To determine the ideal Na K ratio for sweet potato

3 To work out the economics
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2 REVIEW OI' LITERATURL

The study enlightens +the effect of substituting
potassium with sodium in sweet potato <varaiety Kanjangad
Relevant information on the effect of potassium and sodium on
growth dry matter production yield quality and nutrient uptake
of sweet potato are presented Literature on related crops are

also cited where ever found appropriate

2 1 Effect on growth and growth characters

211 Potassium

A great deal of research work had been conducted on the
effect of potassium on growth and growth characters of

sweet potato Some of the results are given below

Bautista and Santiago (1981) reported that length of
vine and secondary branches increased with potassium application
Oommen (19889) in an experiment with 50 75 and 100 kg KZO ha 1
found that the different levels of potassium had a significant
influence on +the length of wvine with a maximum at 100 kg

K20 ha 1 Similar result was observed by Sudha Devi (1890)

Nair (1987} reported +hat the different 1levels of
potash had no influence on the length of vaine Similar result

was also observed by Nair and Nair (1992) and Nair (1994)



Oommen (1989) found that the number of branches
increased with potassium appliacation with a maximum at 100 kg KZO

ha 1

Sudha Devi (1990) in an experiment with 50 756 and 100
kg K20 ha 1 found that the number of branches was not influenced
by different levels of potassium Nair (1994) also reported

similar observation

Bourke (1985) found that leaf area was increased with
graded levels of K ranging from 0 375 kg K,0 ha 1 Mukhopadhyay
et al (1992) in an experiment with 25 50 75 and 100 kg K0 ha 1
found that LAT CGR and TBR were maximum at 75 kg K,0 hal Nair

(1994) reported that LAI was influenced by potassium

Oommen (1989) reported that different rates of applied
potassium were not influential in producing significant variation
ain LAI during different growth stages Similar report was also

made by Sudha Devi (1990)

Li and Yen (1988) found that application of 180 kg K50
ha 1 increased the vine yield Oommen (1989) reported that

1 Mukhopadhyay

maximum vine yield was obtained at 100 kg K,0 ha
et al (1992) reported that highest vine yield was obtained at 75

kg Ky0 ha !

Sudha Devi (1980) reported that different levels of K

had no influence on sine yield Similar reports were made by

Nair and Nair (1982) and Nair (1994)



Ashokan et al (1984) reported that weeval damage on

tubers was not significantly influenced by K fertili.er

application
2 1 2 Sodium

A number of research works carried out on the effect of
sodium on growth and growth characters of various crop species
are avallable However research results are scanty in respect of
tuber crops Hence research works done on other crops are

reviewed hereunder

According to Sadayappan and Srinivasan (1968) growth
and tillering of rice was affected above 0 5 per cent NaCl
Khanna and Balaguru (1881 reported that the height of wheat
plants increased significantly with an increase in the levels of
sodium The maximum height of 18 1 cm was observed at 5§ O mM 1 1

each of K and Na

Kayani and Mujeeb (1988) reported that increasang the
osmotic potential of the culture solution from 0 to 12 88 bar

using NaCl reduced shoot growth RGR and leaf area in maize

Gupta and Srivastava (1989) in an experiment on wheat
found that application of NaCl reduced the leaf number and

average leaf area

Mathew t al (1984) in an experiment on coconut by

substituting potassium with sodium to the extent of 0 25 50 75



and 100 per cent found that the number of leaves retained on the
palm was not influenced by the treatments Prema et al (1987 in
an experiment on coconut by substituting K with Na to the extent
of 0 25 50 75 and 100 per cent reported that substitution of K
wath Na had no influence on the number of functional leaves and
the number of leaves produced per palm per year Coconut palms
receiving 50 per cent substitution of KCl by NaCl retained
maximum number of leaves (Prema et al 1992)

Chavan and Karadge (1980) in an experiment on peanut
(Arachis hypogea L ) with 0 to 200 mM NaCl found +that high

concentration of NaCl reduced shoot and root growth

Indira (1978) in an experiment on cassava with 0O 4000
ppm NaCl found +that retardation of plant growth and tuber
initiation occurred when subjected to toxicity from 2000 ppm NaCl

onwards

According to Hawker and Smith (1982) growth rate of
cassava decreased with increasing NaCl concentration from 0 to 75

mM in nutraient solution

Besford (1878) conducted an experiment on tomato with
0 60 90 95 98 and 99 per cent of K replaced by Na and
concluded +that sodium when present upto 2 4 per cent of dry

weirght caused no reduction in the rate of growth



In tuberose the plant height number of leaves and leaf
area index were found to decrease with increasing concentration

of NaCl from 6000 ppm to 10 000 ppm (Malini and Khader 1988)

Gammon (19658) in an experiment on pangcla grass with O
100 and 200 1lbs of KCl per acre and NaCl in amounts equivalent to
K (0 78 and 187 1bs of NaCl per acre) observed that sodium can
substaitute for +two third of potassium requirements without
causing an appreciable reduction in growth Robinson and Downton
(1985) found +that in Suaeda australas growth was poor in the
absence of added NaCl but was increased 5 fold by the addition of
50 mM NaCl According to Ohta et al (1987) 0 6 mM of NaCl
enhanced the RGR in Amaranthus tracolor Mills (1989) conducted
a study on asparagus (Asparagus officinalis) and concluded that
moderate concentration of NaCl (0 5 1 per cent) stimulated
growth and induced phylloaid productaon in both shoot segment and

plantlets

Volk (1946) reported that addition of sodium eliminated

or reduced cotton rust in soils where K was deficient

2 2 Effect on dry matter production

2 2 1 Potassium

Bourke (1985) reported that increasing levels of

potassium fertilizer increased the total plant dry weight



Application of 90 kg KZO ha 1 recorded the highest +total tuber

dry matter production (Hossain et al 1987)

According to Qommen (1989) dry matter production of
tuber and stem was significantly influenced by potassium and the
maximum dry matter production was observed with 100 kg K,C ha L
Sudha Devi (1990) and Mukhopadhyay et al (1993) reported that
different lersels of potassium had significant influence on the

dry matter production of all the plant parts with a maximum at 75

kg K ha 1

Constantin et al (1977) in an experiment with different
levels of potash ranging from O 140 kg ha ! found that as the
rate of K increased the dry matter content decreased
Sharafuddin and Voican (1984) also made similar reports Oommen
(1989) found that leaf dry matter production was not influenced
by different 1levels of KZO Nair (1994) reported +that the
influence of added levels of potassium on the total dry matter

production was not so marked
2 2 2 Sodium

Khanna and Balaguru (19818 reported that in wheat dry
welght of shoots collar and roots increased significantly with
the application of sodium up to 5 O mM 1 1 Do (19%0) in an
experiment on mairze with different levels of sodium in nutrient

solution (O 005 01 0 25 and 0 5 per cent) found +that the

1o



biomass production in young plant were not affected significantly

when the K Na ratio in plants was changed from 7 39 to 0 755

Gupta and Srivastava (1989) in an experiment on wheat
found that NaCl reduced the dry weight of the plant Root weight
was less reduced as compared to shoot showing an aincrease 1in

root shoot ratio

Warcholowa (1973) reported that in sugarbeet sodium
increased the dry matter yield of roots and the effect was
greatest when K was moderately deficient and 50 per cent K;0 and
50 per cent NaZO were supplied According to Khanna and Balaguru
(198180 maximum dry weight of shoots in sugarbeet was obtained
when 2 5 mM ha 1 K was applied in combination with 7 5 mM 1 1 Na

and that of root with 5 0 mM 1 1 each of K and Na

Fakultet and Sad (1988) in an experament to study the
reaction of two pea (Pisum sativum) varieties to sodium
substitution for potassium observed that the largest dry matter

was obtained when 20 per cent of K was substituted with Na

Chavan and Karadge (1980) reported that high

concentration of NaCl reduced the dry weight of all plant parts

Brownell and Nicholas (1967) ain an experaiment on
Anabaena cylindrica with 0 004 to 4 meq 1 1 NaCl reported that
dry weight yields increased waith sodium supply reaching a maximum

in culture solutions contalning approximately 2 meq 1 1 NaCl



According to Brownell and Crossland (1972) C4 plants showed
significant dry welght responses when 0 1 meq 1 1 NaCl was

supplied to their culture solutions

2 3 Effect on yleld and yleld attributes

2 31 Potassium

A number of research works were carrried out on the
effect of potassium on yield and yield attributes of sweet

potato Some of the results are given below

According to the reports of CTCRI (1985) the number of
tubers per plant was significantly influenced by potassium
application and the highest number of tubers per plant (2 51) was
obtained at 75 kg KZO ha 1 Patil et al (1992) in an experiment
with 50 75 and 100 kg Ky0 ha ® found that 100 kg K,0 ha 1
produced maximum number of tubers per plant Application of 70
ke K ha ! increased the number of tubers (Bao et al  1985)
Oommen (1989) and Sudha Devi (19390) reported that 100 kg KZO ha 1

produced the maximum number of tubers

According to Mukhopadhyay et al (1992) maximum number
of tubers was produced at 75 kg K50 ha 1 Similar results was
also observed by Nair and Nair (1982) Nair (1994) reported that

maximum number of tubers was obtained at 50 kg K50 ha 1

Significant increase in girth of tubers by potassium
application was reported by Nair (1987) Oommen (1989) and Sudha

Devi (1990) According to Nair (1994) girth of tubers increased

e PE e AW 1



L3

Oommen (1989) reported that maxaimum length of tuber was
obtained at 100 kg KZO ha 1 Similar result was reported by

Sudha Devai (1990)

Nair and Nair (1992) and Nair (1994) reported +that
different levels of potassium had no influence on the length of

tubers

According to Bautista and Santiago (1981) potassium
application increased the tuber yield Ashokan et al (1984) in
an experiment with 30 60 and 80 kg K50 ha 1 obtained the maximum
yield of 158 t ha ' at 60 kg K,0 ha ! and the optimum and
economic doses of K,0 was worked out to be 60 4 and B0 1 kg ha 1
respectively Hammett et al (1984) found that marketable tuber

vield was higher at higher rates of potassium application

According to Bao et al (1885) ylelg_glways increased by
potassium application Potassium influenced the +tuber yield
through an 1increased diversion of dry matter to +the tubers
(Bourke 1985) OQommen (1989) and Sudha Devi (1990) also

obtained similar results

Nicholaides et al (1985) obtained a linear increase in
vield due to potassium application especially in soils of low
potash Hegde et al (1986) in an experiment with 30 60 and 90
kg Ky0 ha 1 obtained the highest yield of 116 39 q ha 1 with 90

kg K;0 ha 1



Prasad and Rao (1988) in an experiment with 50 75 and

100 kg X50 ha 1 reported that tuber yield increased with an

increase 1in potassium level upto 75 kg Kp0 ha 1 and thereafter
decreased Similar reports were made by Mukhopadhyay et al
(1992) and Nair and Nair (1992) Bregor and Tasso (1988)

recommended 120 kg K,0 ha 1 for higher tuber yields Elizabeth
and Kunju (1989) observed an increasing trend in tuber yield of
sweet potato in response to the application of incremental doses
of potassium According to Gowda et al (1990) tuber yields were
higher with 40 kg potash Nalr (1994) observed that maximum
tuber yield was obtained with 50 kg K,0 ha~1

Muthuswamy et al (1981) reported that potassium had no
effect on the tuber yield Similar report was also made by

Wargiono (1981)
232 Sodium

Sodium was found to influence the yield and yield

attributes of many crops Some of the results are given below

Cooper et al (1953) reported that in cotton 30 1lbs of

K20 and 10 1bs of Na20 produced the highest yield of 1 005 1lbs of

seed cotton ha 1

Lancaster et &l (1953) in an experiment on
cotton where Na was substituted for one third half and two third
of K found that Na increased the yield especially in K deficient
soils Marshall and Stureis (1953) found that +the yield of

cotton was 1ncreased with +the addition of 40 1bs of Na20



According +to them sodium can serve as a partial substitute for
potassium in functions common to the basic ions or to Na as a

nutrient element in the growth of cotton

Holmes et al (1973) found that the most profitable
dressing for sugarbeet was 377 kg common salt + 127 kg K20 ha 1
Draycott and Durrant (1976b) from a number of trials on sugarbeet
found +that Na was essentlal for maximum profit and +the most
profitable application was 150 kg Na ha ' + 150 kg K ha *
Draycott and Durrant (1976a) established that sodium salt can
largely replace potassium fertilizer 1in sugarbeet and both
elements (K and Na) increased root yield Genkel and Bakanova
(1977) reported that in sugarbeet seed treatment with 0 1 and 0 2
per cent NaCl solution increased the weight of roots from 211 5 g
per root without NaCl to 274 b and 225 8 g respectively Further
increase in NaCl concentration decreased it Strnad (1970) in
field +trial on sugarbeet in chernozem soils found that NPNa
increased yleld of roots by 2 6 per cent and leaves by 1 7 per

cent compared with NPK

Rowell and Erel (1971) observed that the addition of

sodium had no effect on the yleld of sugarbeet

Troug et al (1953) investigated the response of nine
economic plants to fertilisation with sodium Results showed

that corn alfa alfa and potatoes responded only slightly the
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yvield of Dbeets rutabagas carrot and celery were notably

increased But barley and oats were intermediate in response

Hamid and Talibudeen (1976) conducted an experimé;; on
barley sugarbeet and broad beans and concluded that yield of
barley and sugarbeet were benefitted from the added Na in the
so1l but that of broad beans was always adversely affected In
barley the maximum grain yield and straw yield were obtained at
23 2 mM Na above which the yield declined In sugarbeet maximum

yvield was obtained at 30 9 mM Na

Nair et al (1980) conducted an experiment on cassava
with 200 400 and 600 kg NaCl ha ! and found that application of

200 kg NaCl ha 1 recorded maximum tuber yield

According to Hawker and Smith (1982) tuber weight of
cassava was reduced to be 50 per cent between 30 50 mM NaCl 1in

the nutrient solution

Mathew et al (1984) reported that in coconut
substitution of K,0 by Na,O to the extent of 75 or 50 per cent
could maintain the same yield as 100 per cent K In coconut
pralms maximum increase in yield was obtained when 50 per cent K20
was substituted by Nao,0 (Prema et al 1887a) Prema et al
(1987b) in another experiment on coconut with Na substituting K
to +the extent of 0 25 50 75 and 100 per cent found +that the
treatments did not differ in their influence on copra weight per

nut and percentage oil recovery



Cope et al (1953) reported that the ylields of oats
clover sudan grass alfa alfa and corn were increased when ~half
of the potassium was substituted by sodium ie application of 100
lbs of K + an equivalent quantity of Na Eshel (1985) reported

that the fresh weight of Suaeda monolca and Suaeda aegyptiaca was

increased by 150 mM 1 1 NaCl

Wallace et al (1982) in an experiment on Atriplex with
100 200 and 400 meq 1 1 NaCl found that NaCl increased the
vield of stem Soufi and Wallace (1982) reported that in Atriplex
hymenelytra maximum yield was obtained when it was supplied with

5 x 10 3 normal NaCl

2 4 Effect on tuber quality

241 Potassium

Starch protein and total sugar content of sweet potato
was found to be influenced by potassium Some of the research

results are reviewed here under

Bodniuk et al (18971) observed that 1in sweet potato
deficiency of potassium caused a reduction in starch content
Muthuswamy et al (1981) reported that increased rates of
potassium increased the starch content of tubers on fresh weight
basis from 15 12 per cent in control to 16 0 per cent in 100 kg
Ko0 ha 1 Significant increase in starch content by potassium
application was reported by Ashokan and Nair (1984) and Bao et al
(1985)
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Das and Behera (1989) observed a progressive increase
in starch content as the dose of potash was increased from 0 to

150 kg ha !

Mukhopadhyay et al (1993) in an experiment with 25 50
75 and 100 kg K0 ha ! found that starch content was influenced
by potassium application with a maximum at 100 kg K,0 ha !
Oommen (1989) Patil et al (1980) and Sudha Devi (1990) also
obtained similar results Nair (1994) observed that increased
rates of potassium application enhanced the starch content of

sweet potato with a maximum at 75 kg K;0 ha 1

Muthuswamy and Krishnamoorthy (1976) reported +that
potash application significantly increased the protein content of
tuber upto 50 kg ha 1 beyond which the protein content decreased
According to Sharafuddin and Voican (1984) higher doses of
potassium increased the protein content of sweet potato Similar

results were reported by Oommen (1989) and Patil et al (1990)

Constantin et al (1877) observed that potassium
application reduced the protein content of tuber Nair and HNair
(1892) and Sudha Devi (1990) reported that different 1levels of
potassium had no significant effect on crude protein content of

tuber

Ashokan et al (1984) reported that increased rate of
potassium caused a decrease in the sugar content of sweet potato

Similar result was also observed by Sudha Devi (1990)



Bao et al (1985) observed an increase in reducing sugar
and total sugar content of sweet potato by ehhanced rate of
potassium application Patil at al (1990} also made similar
reports According to Nair (1994) sugar content increased upto

75 kg Ky0 ha !
2 4 2 Sodium

Sodium was found to influence the sugar starch and
protein content of many crops Results of some research works

are given below

Hale (1848) reported that addation of sodium to
sugarbeet produced an increase in the sugar content Hamid and
Talibudeen (19876) found that in sugarbeet sugar concentration in
the mature roots increased to a maximum between 9 1 and 23 2 mM
Na With further increase in Na concentration sugar content
decreased Genkel and Bakanova (1977) reported that seed
treatment with 0 1 and 0 2 per cent NaCl increased the root sugar

content in sugarbeet from 16 4 to 18 3 and 17 0 per cent

Khan et al (1989) in an experiment on sorghum using
50 100 and 1500 meq 1 1 NaCl reported that reducing and non
reducing sugar content decreased with an increase in Na

concentration

According to Khanna and Balaguru (1981) sodium

application +to sugarbeet increased the crude protein of shoots
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upto 5§ mM 1 1 NaCl at all levels of K Total soluble solids also

increased with 5 0 mM 1 1 each of K and Na

Hawker and ©Smith (1982) observed +that +the starch
concentration in cassava remained unaffected with different
levels of NaCl (0 75 mM) in the nutrient solution Nair et al
(1980) reported that in cassava starch content and HCN content in

the tuber were not affected by different levels of NaCl

2 5 Effect on plant nutrient content and uptake
2 5 1 Potassium

Feliciano and Lopez (1976) reported that potassium
absorbed by sweet potato was not consistently related +to the
amount applied Tsuno (1981) observed that +the content of
potassium in sweet potato was relatively low It was highest at
the time of anitiation of growth after which it rapdily

decreased

Hammett et zl (1984) and a positive response between
increased rate of potassium application and potassium content in
tubers Qommen (1989) found that different levels of potassium
influenced the K and P uptake whereas N uptake was not

influenced Similar report was made by Sudhadevi (1990)

Mukhopadhay et al (1993) and Nair (1994) found that N
and K uptake showed a steady increase with +the increase in

potassium application whereas the P uptake was not influenced
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2 52 Sodium

Mathew et al (1884) reported that in coconut Na and K
content of leaves were influenced by Na substitution Maximum K
and Na content were seen when 100 per cent K and 100 per cent Na
were applied respectively According to Prema et al (1987a) in
coconut palm substitution of K by Na showed no significant
difference in their effect on total N P Ca Mg and C1 content
of leaves whereas K and Na content of leaves were significantly
influenced by the treatments Prema et al (1987b) reported that
in coconut substitution of K with Na did not differ
significantly in their influence on the N P and K content of
copra Increasing rate of Na application resulted in
corresponding increase in the Na content of copra The uptake of
N P Ca and Mg by coconut palms was not affected significantly
by the substitution of K with Na but the palms receiving higher
amount of K and Na retained higher amount of +these elements

(Prema et al 1982)

Khanna and Balaguru (1981a) reported that in sugarbeet
Na concentration of all plant pvarts increased with application of
sodium but decreased with an increase in K application Hawker
and Smith (1982) found that in cassava with an increase in the
NaCl concentration in the nutrient solution the Na' increased in

all the tissues whereas the K' levels deceased

Khanna and Balaguru (1981b) reported that in wheat the

Na content 1increased and the K content decreased with sodium



application Do (1990) in an experiment on maize with different
levels of Na in nutrient solution (0 0 5 per cent) found that
increasing sodium concentration decreased plant N, P and K

content and markedly increased the sodium content

Besford (1978) in an experiment on tomato found that in
nutrient solution having the highest K/Na ratic most of the HNa
taken up by the plant accumulated in root but as +the K was
progressively replaced by sodium an inecreasing proportion of

total Na absorbed was transported to the leaves

Chavan and Karadge (1980) found that in peanut with an
increase in NaCl concentration Na accumulated in all plant parts
whereas K content was decreased in leaf and stem and increased in
root

Lancaster et al (1953) observed that in cotton

application of Na increased the total uptake of Na

Ohta et al (1987) reported that in Amaranthus tricolor

the Na uptake was increased by sodium application of 0 5 mM 1 1

NaCl but the potassium uptake was not affected

According to Cope et al (1953) corn sudan grass and

alfalfa absorbed very 1little Na even when +this element was

applied But in clover application of Na 1increased the
absorption of both Na and K
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The literature reviewed above revealed the differential
response of sweet potato to potassium application and the
response of various crops to sodium application The review also
showed +that very little work has been carried out on the effect
of sodium on tuber crops Literature reviewed also showed that
partial substitution of potassium with sodium increased the yield

and quality of various crops

Potassium 1s an important nutrient for sweet potato
Package of Practices Recommendation for the crop is 75 kg K ha 1
(KAU 1993) Therefore a good share of the cultivation expenses
of +the crop accounts for the cost of this particular nutrient
Hence partial substitution of potassium with sodium which is a
cheaper nutrient will enable the growers to reduce the cost of

cultivation of sweet potato
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3 MATERIALS AND METHODS

The present investigation was carried out with an
objective to assess the possibility of substituting potassium
with sodium and to determine the i1deal Na K ratio for sweetpotato

and to work out the economics

The details of +the materials used and the methods

adopted in the experiment are given below

3 1 Materaials

311 Experimental site

The experiment was conducted at Instructional Farm
attached to College of Agriculture Vellayani situated at 8°18 N
latitude and 76°51 E longitude and at an altitude of 29 m above

MSL

312 Weather conditions

The weekly averages of temperature relative humadaty
and rainfall during the cropping period collected from the
meteorclogical observatory attached to College of Agraculture

Yellayani are presented in figures and appendix I

In general weather conditions were favourable for the
satisfactory growth of the crop
313 Soz1l

The socil of the experimental area was lateraite and
belong to the classoxisol The physico chemical properties of

the so0i1l are presented in Table 1
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Fig 1 Weather data during the cropping season (weekly averages)
(from 7 5 1994 to 21 10 1994)
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Table 1la Mechanical analysis of the soil of the experimental

saite

S1 Content in Methods used

No Fractions soil (%)

1 Coarse sand 46 7

2 Fine sand 22 7 Bouyoucos

3 Silt 6 0 Hydrometer method

4 Clay 22 8 (Bouyoucos 1962)

5 Textural class Sandy clay loam

Table 1b Physico chemical properties of +the so01l of the

experimental sate

Ss1

No Parameter Content Rating Method used

1 Available N 266 56 kg ha 1 Medium Alkaline permanganate
method (Subbiah and
Asi)a 1856)

2 Available P205 47 80 kg ha 1 Medium Bray coclourimetric
method (Jackson 18973)

3 Available Ky0 100 80 kg ha 1 Low Ammonium acetate method

(Jackson 1973)
4 Available Nay0 22 40 Kg ha ! Anmonium acetate method
(Jackson 1973)

5 pH b 2 Acaidac 1 2 5 so01l solution
ratio using pH meter
with glass electrode
(Jackson 1973)

8  EC <0 05 dsm 1 Conductivity bridge

7 Water holdang 21 33% Gupta and }

capacity Dakshinamoorthi (1980)

8 Water stable 11 Yoder s wet sieving

aggregates

method (Yoder 1837)
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31 4 Cropping history of the field

The experimental area was previously cropped waith

banana and was lying fallow for one year before the experiment
315 Season

The experaiment was conducted during the pericd from May

1994 to October 1994
316 Crop variety

The sweet potato variety Kanjangad having a duration of
115 120 days the most popular variety in Kerala was used for

the experiment

The vines obtained from Instructional Farm College of

Agriculture Vellayani were used as the planting material
31 7 Manures and fertilaizers

Farm wvard manure (0 4% 0 3/ 0 24 N P205 KZO) urea
(46% N) Mussoriephos (20% P205) and muriate of potash (860¥ KZO)
were used as sources of organic manure mnitrogen phosphorus and

potassium respectaively
31 8 Nursery

Vines were planted in a well prepared nursery area of

1 256 m2 (5 4 per cent of the main field area) The vine cuttings
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vwere planted on 7Tth May 1984 in nursery at a spacing of 25 cm
on ridges formed 60 cm apart Regular irrigations were given and
the crop was topdressed with urea after weeding 15 days after
planting Cuttings were taken from the nursery on the 45th day

and used for planting in the experimental field
3 2 Methods
3 2 1 Design and Layout

The experiment was laid out in randomised block design
with 4 replications The layout plan of the experiment is given

in Fig 2 The technical programme is given below
3 2 2 Treatments

Number of treatments 6

1 *100 per cent K basal (0 per cent substitution)

2 87 5 per cent K + 12 5 per cent Na as basal (12 5§ per cent
substitution)

3 75 per cent K + 25 per cent Na as basal (25 per cent substi
tution)

4 50 per cent K + 50 per cent Na as basal (50 per cent substi
tution)

5 25 per cent K + 75 per cent Na as basal (75 per cent substi
tution)

6 50 per cent K as potassium bicarbonate + 50 per cent Na as

sodium bicarbonate (50 per cent substitution)



K and Na was substituted on equivalent basis
Number of replications 4

Total number of plots 24

Method of planting Ridge method

*  As per Package of Practices Recommendation ie 75 50 75 kg NPK

ha ! (kAU 1993)

Quantity of KCl1 and NaCl applied 1s presented 4in

Appendix IIX
32 3 Plot size and spacing

Plot size 4 Bmx 4 8m (gross)
24 mx4 4 m (net)

Spacing 80 x 20 cm

One row on each side and one plant each on opposite
sides were left out for nullifying border effect One row on
right side of the plot next to the border row was used for
destructive sampling In the destructive row three plants were
uprooted for recording observations Destructive sampling was
done +thrice before harvest To avoid the sampling effect one
plant each was left undisturbed on each side of the sample unit
The row adjacent to the destructive sample row was also left out

to avoid sampling effect
3 3 Land preparation

The land was prepared by digging The plots were 1laid

out according to the design of the experiment The experimental



area was leveled 550 kg farmyard manure was applied and radges

of 30 cm helght were taken at a spacing of 60 cm

3 4 Planting

Healthy vaines collected from the nursery were cut into
pieces of 25 cm length with three or four nodes in each cutting
The vaines were planted on the ridges at 20 cm apart on 17th June

1994

35 Gap filling

Gap filling was done on the seventh day +to secure

uniform stand of the crop

3 6 Application of fertilizers

Half the auantity of nitrogen was applied as basal and
half as topdressing at 30 DAP Full dose of phosphorus was given

as basal application

Muraiate of potash and sodium chlorlide were applied as

per treatment at planting

3 7 After cultivation

Crop was first weeded on the 20th day after plantang
on Tth July 1894 and earthed up after topdressing Turnaing of

vines was done regularly



38 Irrigation

The vines were uniformly irrigated daily by pot
watering for the inatial 10 days to facilitate establishment of
the crop Thereafter uniform arrigation was given as and when

necessary

3 9 Plant protection

As a prophylatic measure the vines were dipped in 0 05
per cent monocrotophos suspension for 5 10 minutes prior +to
planting for the control of sweet potato weevil Infestation of
weevil was observed and as a control measure the field was
sprayed with O 05 per cent monocrotophos one month after
planting and subsequently +three more +times at tri weekly

interval

There was no severe incidence of diseases during the

growth period

3 10 Harvesting

The crop was harvested on 21st October 1894 when the
leaves started turning yellow Three plants were selected for
recording biometric observations from the net plot area and were
uprooted one day prior to harvest The crop was harvested from
the net plot after leaving the border rows which were harvested

separately
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3 11 Observations
3 11 1 Pre harvest observations

Three plants were selected at random from each net plot
and were tagged The following observations were recorded and

the mean values were worked out

31111 Length of vine

The length of vine was measured from the base to the
tip of the longest vine of each plant in cm at 30 DAP 76 DAP

and at harvest
3 11 1 2 Number of branches per plant

The total number of branches were counted at 30 DAP 756

DAP and at harvest
311 1 3 Leaf area index

The leaf area was found out using the leaf area meter
The leaf area index (LAI) was worked out by the following formula
suggested by Watson (1947)
Leaf area per plant (cm2)

Leaf area index -
Land area occupied by the plant (cmz)
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3 11 2 Post harvest observations

3 11 2 1 Number of tubers per plant

The tubers from the observational plants were separated

and counted

311 2 2 Length of tuber

The 1length of three randomly selected tubers were

measured and the mean values were recorded in cm

3121 23 Girth of tuber

Girth measurements were recorded from those tubers
which were used for length measurements Girth values were
recorded at three places of the tubers one at the centre and the
other +two at half way between the centre and both ends of tuber
The average of these three measurements was taken as the girth of

the tuber and expressed in cm

3121 24 Vine yield

The total weight of vines from the net plot was
recorded at the time of harvest and expressed in t ha 1

3 11 2 5 Marketable tuber yield

Tubers from the net plots were harvested by digging and

the fresh weight of marketable tubers was recorded in t ha 1
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3 11 3 Qualaty attraibutes

3 11 3 1 Starch content

Starch content of +the tubers was estimated by the
procedure as reported by the A O A C (1960) The wvalues were

expressed as percentage on dry weight basais

311 3 2 Crude protein content

The nitrogen content of the tuber was determined by the
modified microkjeldhal method (Jackson 1873) and +the crude
protein was computed by multiplying the nitrogen values by the

factor 6 25 (Simpson et al 1965)

311 33 Total sugars

Total sugars were determined as per ‘the method
described by Ranganna (1977) The results were expressed as

percentage on fresh weight basais

3 11 3 4 Cooking gqualaity

Cooking quality of fresh +tubers were assessed by

organoleptic method as suggested by Swaminathan (1874)

A random sample of about 200 g of fresh tubers was
taken from each plot The samples were used for the cooking
quality test The samples were cut into pieces washed and

cooked for uniform time
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The acceptability +trials on panel members were done
using the scoring method A score card developed for the study
is presented 1n appendaix II The major qualaty attributes
included 1in +the score card were appearance taste colour and
texture Each of the above quality was assessed by fave poant

rating scale

3 11 3 b Pest scoring

The aintensity of damage in tubers of three random
plants from each plot was assessed and the damage grade index
(DGI) was worked out using a six point scale as detailed below

0 No weevil damage

1 External feeding damage and oviposition marks on
less than 25 per cent of tuber surface but without
internal damage

2 External feeding damage on more than 25 per cent
tuber surface but without internal damage

3 Internal damage extending over less than 25 per
cent portion of tuber

4 Internal damage 25 to 50 per cent

5 Internal damage above 50 per cent

The grade points awarded to the tubers collected from
each plot were added and mean value was taken as DGI of the

sample
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3 12 QGrowth analysis
312 1 Dry matter production and partitioning

Dry matter production was recorded at 30th 75th and
115 DAP At each harvest three plants were carefully pulled out
the tubers were collected and the tops were separated inte vines
and leaves Samples were dried in shade first and then in the
hot air oven at 80+5°C to a constant weight and the dry weight of

the various plant parts were determined and recorded

3 12 2 Tuber bulking rate (TBR)

It 1s +the rate of increase in tuber weight per unait

time and is an important measure of tuber growth

It is expressed 1in g day 1 plant 1 (dry weight)

TBR

Where Wl and W, are the dry weight of tubers at time ty

and ty respectively
3 12 3 Net assimilation rate (NAR)

The rate of increase in dry weight per unit leaf area
per unit time was worked out during the period of crop growth

(Williams 1946)
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NAR

Ly and W, are the leaf area and dry weaght of the plant
at time t, and Lz and Wz are the leaf area and dry weaght of the

plant at time (t2) and expressed 1n g cm 2 day 1
3 12 4 Crop growth rate (CGR)

It 15 +the absolute growth rate per unit area grown

This was calculated by the formula CGR NAR x LAI (Watson

1958) and expressed in g cm 2 day 1

3 13 Chemical analysas
3 13 1 Plant analysas

Nitrogen phosphorus potassium and sodium contents of
the tuber were analysed at harvest The tuber used for drymatter
determinat ion was ground inte fine powler usirg + Wi y MYLL

chemical analysis
313 11 Nitrogen

Total nitrogen content in the tuber was determined by

the modified microkjeldhal method (Jackson 19873)

3 13 1 2 Phosphorus

The phosphorus content in tuber was estimated by the

Vando Molybdophosphoric yellow colour method (Jackson 1973)
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313 1 3 Potassium and sodium

The potassium and sodium content 1in tuber were
determined by ammonium acetate method using the Systronics flame

photometer (Jackson 1873)

3 13 2 Uptake studies

Uptake of nitrogen phosphorus potassium and sodium at
harvest was estimated from the sample plants uprooted and draied
for +the purpose The vines as well as the tuber were analysed

and the uptake was calculated by multiplying with drymatter

3 14 Soil analysais

Soal samples were taken before and after the
experiment A representative soil sample of the field obtained
by mixing the soil samples collected from different parts of +the
field was used for the 1initial analysis The 1nitial analysis
was done for the various parameters as per the method given in
Table I Plot wise analysis of soi1l samples for available
potassium and sodium pH EC water holding capacity and water
stable aggregates were done soon after the experiment and the

values were computed

3 14 1 Available potassium and sodium

Available potassium and sodium were extracted by
neutral normal ammonium acetate solution and determined by a

Systronics flame photometer (Jackson 1973)
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3 14 2 Soal pH and EC

The pH was determined with the Elico pH meter (Jackson

1973) and EC was determined with the conductivity bridge

3 14 3 Water holdaing capacity

Core samples were collected from 0 30 cm depth from
each plot and water holding capacity was determined as described

by Gupta and Dakshinamoortha (1980)

3 14 4 Water stable aggregates

Aggregate analysis was carried out by Yoder s wet
sieving method (Yoder 1837) The samples were wetted slowly
and using a set of sieves mean weight diameter was determined
Mean weight diameter was taken as the structural index (Van

Bavel 1949)

3 15 Method of calculating nutrient use efficiencies (NLU)

The agronomic efficiency physiological efficiency and
recovery fraction have been calculated according to the formula
given by Novoa and Loomis (1981)

kg of tuber
Agronomic Efficiency (AE)
kg of nutrient added

kg of tuber
Physiological Efficiency (PE)
kg of nutrient absorbed

kg of nutrient absorbed
Recovery Fraction (RF)
kg of nutrient applied



3 16 ELconomic analysis

The economics of cultavation was worked out based

the various input costs
Gross 1lncome
Benefit cost ratio
Cost of cultivation
Net returns per rupee invested

Gross income cost of cultavataon

Cost of cultivation

Net income Gross income cost of cultivation

3 17 Statistical analysas

37

on

The data generated from the experiment was subjected to

analysis of variance (ANOVA) technique as applied to randomised

block design described by Cochran and Cox (1965) The data

analysed using a Keltron Versa IWS computer system

were
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4 RESULTS

Fi1eld experiment was conducted at +the Instructional
Farm College of Agriculture Vellayani to find out the possible
extent of substitution of potassium with sodium in sweet potato
and the 1deal Na K ratio The results obtained are presented

below
4 1 Growth and growth attributes

4 1 1 Length of vine

Effect of substituting potassium with sodium i1in varying
degrees on length of vine was studied at three growth stages of

the crop (30 75 and 115 DAP) and is furnished in Table 2

Perusal of +the data showed that at 30 DAP 12 5 per
cent level of substitution recorded a maximum vine length of 55
cm which was on par with 25 and 50 per cent substitution and
signaficantly superior to 0 and 75 per cent levels of
substitution At 75 DAP 50 per cent substitution recorded a
maximum vine length of 98 08 cm which was on par wath 0 12 5 and
25 vper cent substitution and significantly superior to 75 per

cent substitution

At 115 DAP also 50 per cent substitution recorded a
maximum vine length of 111 25 cm which was on par with 12 5 and
25 per cent substitution and significantly superior to 0 and 75

per cent substitution
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Sources failed to show any significant influence on the

length of vine during different growth stages

4 1 2 Number of branches per plant

Data on number of branches at various growth stages as

influenced by potassium sodium substitution given in Table 3

At all growth stages branching was maximum at 25 per
cent substitution which was on par with 0 12 5 and 50 per cent
substitution During the anitial stages 25 and 50 per cent sub
stitution were significantly superior to 75 per cent substa
tution But at later growth stages 75 per cent substitution also

behaved similarly with all other treatments

4 1 3 Leaf Area Index (LAI)

Data on the effect of treatments on LAI at three growth

stages of the crop are given 1in Table 4

At 30 DAP 50 per cent substitution recorded maximum LAI
of 2 02 which was on par with 0 12 5 and 25 per cent substi

tution and significantly superior to 75 per cent substitution

At 75 DAP also 50 per cent substitution recorded
maximum LAT of 5 58 and was significantly superior to all other
treatments But 0 12 5 and 25 per cent substitution were on

rar



Table 2 Effect of potassium substitution by sodium on length of
vines (cm) during various growth stages

Treatments
30

100% K basal 41 33
87 5% K + 12 5% Na
as basal 55 00
6% K + 25% Na as
basal 48 12
50% K + 50% Na as
basal 47 34
25% K + 758% Na as
basal 41 00
50% K as potassium
bicarbonate + 50% Na
as sodium bicarbonate 45 59

SE 3 278

CD 9 872

86

86

88

98

75

91

17

Days after

75

17

67

08

08

58

50

729
267

planting

115

94

100

101

111

87

100

13

54

04

04

25

05

63

406
279



Table 3 Effect of potas
branches plant

Treatments

100% K basal

87 5% K + 12 5% Na
as basal

75% K + 25% Na as
basal

50% K + 50% Na as
basal

25% K + 75% Na as
basal

50% K as potassium

bicarbonate + 50% Na

as sodium bicarbonate
SE

CD

30
09

67

00

00

34

58

449
353

Days after planting

7

75

33

75

50

92

08

42

897
NS

i3

um substitution by sodium on number of
during various growth stages

115
10 50

i1 08

11 67

11 25

10 87
0 863

NS
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Table 4 Effect of potassium substitution by sodium on Leaf Area
Index during different growth stages

Treatments

100% K basal

87 5% K + 12 5% Na
as basal

75% K + 25% Na as
basal

50% K + 50% Na as
basal

25% K + 75% Na as
basal

50% K as potassium

bacarbonate + 50% Na

as sodium baicarbonate
SE

CD

30
27

62

89

02

01

35

283
853

Days after planting

3

75

06

71

15

58

79

58

385

130

1156
2 95

0 445

NS
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At harvest effect due to all the treatments were on

par with a maximum of 3 75 at 50 per cent substitution

Both at 30 and 115 DAP sources had no significant
influence on LAI But at 75 DAP 50 per cent substitution as KC1l
and NaCl was significantly superior to potassium bicarbonate and

sodium bicarbonate at the same level of substitution

4 2 Yield and yield attributes

4 21 Yield attributes

The data on the effect of treatments on length girth

and number of tubers per plant are present in Table 5

Effeet due +to various treatments did not have any
significant 1influence on length girth and number of tubers per
plant All these attributes were higher at 50 per cent
substitution which recorded 2 42 tubers per plant 19 76 cm tuber
length and 14 09 e¢em tuber girth Sources also showed no

influence on the length girth and number of tubers per plant

4 2 2 Marketable tuber yield and vine yield

The data on the effect of varying degrees of potassium
sodium substitution on marketable tuber and vaine yield are

presented in Table 6

Marketable tuber yield was significantly influenced by

different 1levels of substitution Fifty per cent substitution
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Table 5 Effect of potai51um substitution by sodium on number of
tubers plant length of tubers (cm) and girth of
tubers (cm)

Number of Length of Girth of
Treatments tubers per tuber tuber
plant ({cm) (cm)

100% K basal 2 17 18 83 13 24
87 5% K + 12 5% Na
as basal 2 33 15 38 13 38
75% K + 25% Na as
basal 2 33 17 94 13 686
50% K + 50% Na as
basal 2 42 19 76 14 09
256% K + 75% Na as
basal 1 84 14 73 12 20
50% K as potassium
bicarbonate + 50% Na
as sodium bicarbonate 2 17 16 24 13 15

SE 0 218 1 759 0 784

CD NS NS NS
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Table 6 Effect of potassium substitutaion Ey sodium on marketable
tuber yvield and vine yield (t ha )

Marketable
Treatments tuber Vine
yvield yield

100% K basal 11 03 12 00
87 5% K + 12 5% Na
as basal 11 27 14 95
75% K + 25% Na as
basal 11 64 15 32
50% K + 50% Na as
basal 12 62 15 94
254 K + 75% Na as
basal 9 55 10 66
50% K as potassium
baicarbonate + 50% Na
as sodium bacarbonate 11 03 11 90

SE 0 494 0 984

CD 1 490 2 965
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registered +the maximum marketable tuber yield of 12 62 +t ha 1

which was on par with 12 5 and 25 per cent substitution and
significantly superior to 0 and 75 per cent substitution It was
seen that sources of nutrient also had a profourdd influence on
tuber yield Yield realised by the combined application of KC1
and NaCl was significantly superior to the combined application
of potassium bicarbonate and sodium bicarbonate at the same level
of nutrient supply Seventy five per cent substitution with
sodium registered an yield which was significantly inferior to
12 5 25 and 50 per cent substitution levels But 0 per cent
substitution 50 per cent substitution as bicarbonates and 75 per

cent substitution registered comparable yields

Regarding the vine yield 12 5 25 and 50 pexr cent had
a similar effect with a maximum of 15 94 t ha 1 at 50 per cent
substaitution This was significantly superior to 0 and 75 per
cent substitution Zero and 12 5 per cent substitution falled to
show any significant influence on vine yield Sources showed
profound influence on vine yield 50 per cent substitution as
KCl1 and NaCl registered more vine yield than 50 per cent

substitution as bicarbonates
4 3 Quality parameters
4 3 1 Quality attributes of tubers

The data on the quality of tubers as influenced by

potassium and sodium are presented in Table 7
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Table 7 Effect of potassium substitution by sodium on gquality
attributes of tubers

Starch Protein Total Sugar
Treatments (%) (%) (4)
(Dry weight (Dry weight (Fresh weight
basas) basis) basis)
100% K basal 46 69 3 85 2 83
87 5% K + 12 5% Na
as basal 47 89 3 85 2 93
76% K + 25% Na as
basal 47 86 4 11 2 95
50% K + 50% Na as
basal 48 30 4 19 2 93
25% K + 75% Na as
basal 47 69 3 64 2 83
50% K as potassium
bicarbonate + 50% Na
as sodium bicarbonate 48 09 3 50 2 90
SE 0 636 0 257 0 035

CD NS NS 0 107
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The effect due to various treatments registered no
significant influence on starch and protein content whereas total
sugar content differed significantly with treatments Twenty
five per cent substitution registered the maximum sugar content
of 2 95 per cent which was on par with 12 5 and 50 per cent sub
stitution and significantly superior to 0 and 75 per cent substi
tution Sources failed to show any significant anfluence on

starch protein and sugar content of tubers
4 3 2 Cooking quality of tubers

Effect of substituting potassium with sodium in varying

degrees on the cooking quality of tubers are given in Table 8

None of the treatments showed any significant influence
on the +texture of the tubers But the appearance taste and

colour of tubers differed significantly

Regarding the appearance 50 per cent substitution gave
the best appearance which was on par with 12 5 and 26 per cent
substitution The appearance of tubers receivaing 0 and 75 per
cent substitution was not appealing compared to those receiving

50 per cent substitution

Regarding the taste all the treatments that received
varying degrees of substitution were on par with the best at 25
per cent substatution Tubers that received only potassium

reglistered a poor taste compared to 25 per cent substitution
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Table 8 Effect of potassium substitution by sodium on cooking
quality of tubers

Treatments Appearance Taste Colour Texture
100% K basal 2 97 2 51 3 36 3 26

87 5% K + 12 5% Na
as basal 3 28 3 186 2 58 2 90

T6% K + 25% Na as
basal 3 28 3 38 3 48 3 00

50% K + 50% Na as
basal 4 01 3 15 3 25 2 982

25% K + 75% Na as
basal 2 33 270 2 51 2 62

50% K as potassium
bicarbonate + 50% Na
as sodium bicarbonate

(S

63 3 10 3 84 2 96
SE 0 314 0 277 0 292 0 238

CD 0 947 0 835 0 881 NS
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Fifty per cent substitution as bicarbonates registered
the best colour which was similar to 0 25 and 50 per cent sub
stitution Seventy five per cent substitution was not found
attractive when compared to 25 per cent substitution and 50 per

cent substitution as bicarbonates

Sources of nutrients failed to show any significant

influence on the appearance taste colour and texture
4 3 3 Pest scoring of tubers
The data on pest scoring are presented in Table 9

The incidence of pest was minimum at 50 per cent sub
stitution as bicarbonates This level of substitution recorded a
score of 0 13 at 75 DAP and the value was significantly inferior
to 0 and 12 5 per cent substitution ie +the susceptibility of the
crop to the incidence of pest was reduced by increasing the

degree of substitution up to 50 per cent

But the effect was not reflected at the harvest stage
At this stage all the treatments were on par Sources of nutrai

ents had no influence on the incidence of pest at both stages
4 4 Physiological parameters
4 4 1 Tuber Bulking Rate (TBR)

Tuber bulking rate was studied at two stages and the
result is furnished in Table 10



Table 9 Effect of potassium
scoring of tubers

Treatments

100% K basal

87 5% K + 12 5% Na
as basal

76% K + 25% Na as
basal

50% K + 50% Na as
basal

25% K + 75% Na as
basal

50% K as potassium

bacarbonate + 50% Na

as sodium bicarbonate
SE

CDh

substitution by

sodium

on

Pays after planting

i

75

05

66

43

43

40

13

153

460 —

115

0

75

75

63

56

94

06
365

NS

43

pest



Table 1L Effec of potassium substaiction by sodiun on physiological parameter

Treatments

1(90/ | basal

87 8/ ¥ + 12 5/ Na
as basal

75 | + 25/ Na es
hasal

50/ ¥ + 5¢/ Na as
basel

75/ ¥ + 753 Na a=
bagal

ot/ I as potassium
bicarbopate + 90/ Na
as sodiun bicarbopate

SE

£o

9

TBR

day

ol b0

1

1

Dap

a7

ng

11

07

97

07

070

NS

plant 1

80 115
DAP

20

2 15

2 15

2 42

i B8

2 29

0 44,

NS

0

o CcT

75

DAP

00CGt

00044

00045

00 41

0006

00062

00N0T77

NS

day !

75 115

DAP

0 00011

0 00016

0 gonlo

0 tonyy

0 00L16

0 00010

4 00C035

hS

0

£GP

g cn

30 75

DRP

oelt0

00113

00130

00135

0plze

00155

00020

NS

day t

75 115

DAP

¢ 00030

0 00049

0 000 6

0 00033

¢ 00041

¢ 00035

0 qoogy

0 000213

e
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None of the treatments registered any saignificant
influence on TBR Sources of nutrients also failed to show any

anfluence

4 4 2 Net Assimilation Rate (NAR) and Crop Growth Rate (CGR)

Net assimilation rate and crop growth rate were studied

at two stages and the result is furnished in Table 10

None of the treatments showed any significant influence

on NAR at both stages

During first stage the treatments falled to show any
significant influence on CGR But at later stage 50 per cent
substitution recorded maximum CGR of000053 which was on par wath
12 5 25 and 75 per cent substitution and significantly superior

to 0 per cent substitutaon

Sources of nutrients had no influence on NAR and CGR

at both stages

4 5 Dry matter production

The data on the dry matter content of leaves stem and

tubers during different growth stages are presented in Table 11

Treatments failed to show any significant ainfluence on
dry weight of leaves at 30 DAP and at harvest Fifty percent

substatution recorded maximum dry weight of leaves at these



Table 11 Effect of potassium substitution by
various growth stages

Leaves
Trea*nents
+0 DAP 75 DAP 115 DAP
190/ Y basal 1T 75 14 -8 i2 25

B7 5/ + 78 HNa
as hasal 13 75 18 38 12 73

75/ ¥ + 25/ Na as
basal 14 @9 19 BB i8 25

50/ F + 30 Na o5
basal 15 75 20 25 19 00

75 ¥ + 73/ Na as
basal 16 00 12 50 12 50

=0/ ¥ as potassiur
bicarbonate + 50/ Na 11 25 13 970 6 25
as sodium bicarbonate

SE 2770 2 587 1 817

€D NS 7 7°8 HS

spdiun on dry natter (g

a0 B

10

10

10

10

1 588

NS

AP

25

25

75

3¢

30

73

73D

2Q

21

24

{5

2?

3 108

NS

en

AP

a0

3¢

a0

23

25

115 DAP

18 75

25 5¢

24 o0

25 25

i8 00

18 75

2 317

NS

plant 1 dur
Tuber

75 DAP 1135
45 B1 a9
46 38 &1
48 39 &5
57 73 79
48 5b 44
o6 91 77

& 902 28

NS NS

1ng

DAP

&1

95

04

12

45

1.3

a1
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stages At 75 DAP 12 5 25 and 50 per cent behaved similarly
with 50 per cent substitution having a maximum dry weight of
20 25 g Sources had a significant effect on leaf dry weight at
75 DAP Fifty per cent substitution as KC1l and NaCl was superior
to 50 per cent substitution as bicarbonates Seventy five per
cent substitution recorded a leaf dry weight significantly

inferior to 25 and 50 per cent substitution

No significant influence was observed on stem dry
weight with respect to treatments Twenty five per cent recorded
maximum dry weight at 30 and 75 DAP whereas 50 per cent substa

tution recorded maximum dry weight at 115 DAP

Tuber dry weight was not significantly ainfluenced by
treatments However a higher degree dry weight was observed at

50 per cent substitution at both stages

Sources also had no influence on the dry weight of stem

and tuber

4 6 Nutrient content of tubers

Effect of potassium substitution with sodium at varying
levels on the nutrient content of tubers are presented in

Table 12

No profound influence was cbserved in the content of
major nutrients with respect to treatments Fifty per cent sub

stitution registered a maximum nitrogen content of 0 67 per cent
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Table 12 Effect of potassium substitution by sodium on nutrient
content of tubers (%)

Treatments N P K Na
100% K basal 0 62 0 063 1 08 0 15

87 5% K + 12 5% Na
as basal 0 62 0 068 0 88 0 20

5% K + 25% Na as
basal 0 66 0 065 0 96 0 24

50% K + 50% Na as
basal 0 67 0 066 1 00 0 26

25% K + 75% Na as
basal 0 58 0 069 0 89 0 30

50% K as potassium

bicarbonate + §0% Na

as sodium bicarbonate 0 56 0 066 0 99 0 27
SE 0 041 0 0104 0 0804 0 038

CDh NS NS NS 0 116



Maximum phosphorus content of 0 069 per cent was registered by 75
per cent substitution and maximum potassium content of 1 08 by no

substitution

But the content of sodium differed significantly All
levels of substitution registered higher sodium content compared
to no substitution with a maximum at 75 per cent substitutaion
Zero 12 5 25 and 50 per cent levels registered similar content
of sodium Eventhough the effect of these treatments was not
si1gnificant treatment receivaing no sodium recorded the minimum

value

Sources of nutrients had no influence on the nutrient

content of tubers

4 7 Uptake of Nutraents

The effect of treatments on uptake of nutrients are

presented in Table 13

Regarding the uptake of nitrogen maximum uptake was
recorded by 50 per cent substitution which behaved similarly with
25 per cent substatution But the effect due to 12 5 25 and 50

per cent substitution as bicarbonate was on par

Fifty percent substitution registered the maximum
phosphorus uptake which was on par with 12 5 and 25 per cent sub
stitution and significantly superior to 0 and 75 per cent

substitution

69



Table 13 Effect of pota551ﬁm substitution by sodium on uptake of

nutrients (kg ha

Treatments N
100% K basal 216 98

87 5% K + 12 5% Na
as basal 246 35

75% K + 25% Na as
basal 260 18

50% K + b0% Na as
basal 278 45

25% K + 75% Na as
basal 210 38

50% K as potassium

bicarbonate + 50% Na

as sodium bicarbonate 236 53
SE 9 971

CD 30 0489

) at harvest

21 98

25 78

26 35

28 18

24 25

24 50

1 293

3 896

246

243

268

261

188

247

12

36

Na

45 58
95 89
95 109
38 127
13 103
25 108
022 4
230 14

35

08

98

30

i3

48

873
686

bo
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Regarding the uptake of potassium also 50 per cent
substitution registered maximum uptake which was on par with O
12 5 and 25 per cent substitution and significantly superior to
75 per cent substitution Fifty per cent substitution registered
maximum sodium uptake which was significantly superior to all

other treatments

Sources of nutrients had a significant infliuence on the
uptake of nitrogen and sodium Fifty per cent substitution as KCl
and NaCl registered more uptake compared to 50 per cent substi

tution as bicarbonates

4 8 Soil properties

The so0il properties like soil reaction water holdang
capacity avallable potassium and sodium and mean weight diameter

as influenced by treatments are presented in Table 14

Soil reaction water holding capacity and available
potassaum and sodium were not significantly influenced by
different degrees of substitution Treatments registered a
significant effect on mean weight diameter Seventy faive per
cent substitution recorded significantly superior mean weight
diameter +than 0 and 12 5 per cent substitutaon But the effect

was on par with 25 and 50 per cent substitution

Sources of nutrients had no influence on +the various

soi1l properties



Table 14 Effect of potassium substitution by sodium on soal
properties at harvest

Mean Available Available

Treatments rH WHC weight k 1 Na
(%) diameter kg ha kg ha !

100% K basal 4 38 21 39 113 81 78 23 256

87 5% K + 12 5% Na
as basal 4 58 21 90 113 95 20 256 50

75% K + 25% Na as
basal 4 58 22 21 115 96 88 27 45

50% K + 50% Na as
basal 4 65 22 79 1 18 93 23 29 95

254 K + 754 Na as
basal 5 00 23 27 1 23 73 65 31 10

50% K as potassium
bicarbonate + 50% Na
as sodium bicarbonate 4 68 22 25 1 20 85 98 28 65

SE 0 304 1 003 031 9 296 3 532

o

CD NS NS 0 093 NS NS
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4 9 Agronomic LEfficiency

The data on agronomic efficiency are presented ain

Table 15

Regardang nitrogen and phosphorus 50 per cent
substitution recorded maximum agronomic efficiency whach was on
par with 12 5 and 25 per cent substitution Agronomic effaiciency
of nitrogen and phosphorus registered same effect at 0 and 75 per
cent substitution but were significantly inferior to 12 5 25
and 50 per cent substitution Sources of nutrients registered a
profound ainfluence on the efficiency of nitrogen and phosphorus
Fifty pexr cent substitution as KCl and NaCl recorded maximum

efficiency than 50 per cent substitution as bicarbonates

But regarding the agronomic efficiency of potassium 75
per cent substitution was most efficient and was signaificantly
superior to all other treatments Efficiency of 12 5 and 25 per
cent substitution was similar while 25 per cent substitution was
significantly superior to no substitution The effect due to O

and 12 5 per cent substitution was on par

Unlikeé potassium the agronomic efficiency of sodium
was least in 75 per cent substaitution Maximum agronomic

efficiency was registered by 12 5 per cent substitution
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Table 15 Effect of potassium substitution by sodium on agronomic
efficiency

Treatments N P K Na
100% K basal 147 04 220 55 147 04

87 5% K + 12 5% Na
as basal 150 23 225 35 171 786 2048 64

75% K + 25% Na as
basal 155 17 232 75 206 89 1057 86

50% K + 50% Na as
basal 168 30 2562 45 338 60 573 75

25% K + 75% Na as —_
basal 127 40 191 10 509 60 289 55

50% K as potassium

bicarbonate + 50% Na

as sodium blcarbonate 147 00 220 50 294 00 501 14
SE 6 593 9 889 12 594 57 932

CD 19 868 29 803 37 954 178 521
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Sources of nutrients did not manifest any influence on

the efficiency of potassium and sodium

4 10 Physiologircal efficiency

The effect of potassium substitution with sodium at
varying degrees on physiological efficiency are ©presented in

Table 16

Physiological efficiency with respect +to nitrogen
potassium and sodium did not differ significantly No substi
tution recorded maximum physioclogical effielency for nitrogen and
sodium whereas for potassium 75 per cent substitution recorded

maximum physiological efficiency

With regard +to phosphorus 100 per cent K recorded
maximum physiological efficiency which was on par with 50 per
cent substitution and significantly superior to 12 5 25 and 75

per cent substitution

Sources of nutrients failed to show any significant

influence on the physiocloglcal efficlency of nutrients

4 11 Recovery I'raction

The data on recovery fraction are presented in Table

Recovery <fraction of nitrogen was maximum with 50 per

cent substitution whaich was on par with 25 per cent substaitution



Table 16 Effect of

physioclogical efficiency

Treatments
100% K basal

87 5% K + 12 54 Na
as basal

754 K + 25% Na as
basal

50% K + 50% Na as
basal

25% K + 75% Na as
basal

50% K as potassium

bicarbonate + 50% Na

as sodium bicarbonate
SE

CD

potassium

51 08

45 69

44 85

45 59

44 43

47 34

2 236
NS

substitution
P
506 14 44
436 52 46
441 90 44
450 75 50
438 91 51
453 06 44
20 354 2
61 341

by

76

19

a7

23

18

75

724
NS

sodaium

Na

190

126

105

99

93

102

67

49

88

74

35

75

6b

on

6 315

NS
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Table 17 Effect of potassium substitution by sodium on recovery

fraction

Treatments N
100% K basal 2 89

87 5% K + 12 5% Na
as basal 3 29

75% K + 256% Na as
basal 3 47

50% K + 50% Na as
basal 3171

25% K + 75% Na as
basal 2 81

504 K as potassium

bicarbonate + 50% Na

as sodium bicarbonate 3 15
SE 1 323

CD 0 399

44

51

53

57

43

49

021
062

K

3 72

6 97

10 03

6 59

0 382
1 152

16

10

79

13

93

452
394
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and was significantly superior to an other treatments 12 5 and 26

per cent substitution behaved similarly

Regarding the recovery fraction of phosphorus 50 per
cent substitution registered maximum recovery fraction which was
on par with 12 5 and 25 per cent substitution and significantly

superior to 0 and 75 per cent substatution

Nitrogen and phosphorus recovery differed significantly
with respect to sources Fifty per cent substitutzion as KCl and
NaCl registered maximum recovery compared to 50 per cent substi

tution as bicarbonates

Maximum potassium recovery was for 75 per cent
substitution which was significantly superior +to all othex
treatments and minaimum was for no substitution whereas maximum
sodlum recovery was for 12 5 per cent substitution which was
significantly superior to all other treatments and minimum was
for 75 per cent substitution Potassium and sodium recovery were

not significantly anfluenced by sources of nutrients

4 12 Economics

The economic analysis presented in Table 18 brings out
that 50 per cent substitution as KCl and NaCl registered maximum
benefit cost ratio of 4 33 and maximum net income of Rs 29119 50

which were on par with 12 5 and 25 per cent substitution



6

Table 18 Effect of potassium sodium substitution on the
economics of sweet potato cultivation

Benefit Net returns Net
Treatments cost per rupee income
ratio invested Rs ha 1
100% K basal J 68 2 68 24082 50
87 5% K + 12 5% Na
as basal 3 78 2 78 24862 50
75% K + 25% Na as
basal 3 93 2 93 26031 50
50% K + 50% Na as
basal 4 33 3 33 29119 50
25% K + 75% Na as
basal 3 33 2 33 20034 00
50% K as potassium
bicarbonate + 50% Na
as sodium bicarbonate 1 44 0 43 9941 00
SE 0 155 0 155 1483 405

CD 0 468 0 467 4470 522
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Maximum net returns per rupee invested of 3 33 was for 50 per
cent substitution which was on par with 25 per cent substitution
and significantly superior to all other treatments The same
treatment was found economically more viable than the existing
Package of Practices Recommendations The economic viability
registered by 12 5 and 25 per cent substitution was similar -—to
the existing Package of Practices Recommendations ie no

substitution

4 13 Simple correlation coefficient between yleld and other

parameters

Simple correlation coefficient was worked between yield
and various growth yield and quality parameters and nutrient use
efficiencies of different fertilizers The results are presented

in Table 19

Among +the growth parameters maximum correlation was
observed for vine length Among the yield contributing
parameters number of tubers was highly correlated with yield
About 11 per cent correlation was worked out between yield and K
content of tubers Among quality aspects highest correlation was
seen between yield and sugar content of tubers Considering the
uptake of nutrients N uptake registered maximum correlation
Agronomic efficlency as well as recovery fraction of nitrogen and
agronomic efficiency of phosphorus registered significantly

higher correlation coefficients



yvleld and other parameters

Characters correlated

Yield x Length of vine (115 DAP)

Table 18
S1 No

1

2 Yield
3 Yield
4 Yield
5 Yield
6 Yield
7 Yield
8 Yield
9 Yield
10 Yield
11 Yield
12 Yield
13 Yield
14 Yield
15 Yield
16 Yield
17 Yield
18 Yield
19 Yield
20 Yield
21 Yield
22 Yield
23 Yield
24 Yield
25 Yield
26 Yield
27 Yield
28 Yield
29 Yield
30 Yield
31 Yield
32 Yield
33 Yield

X

BoOR K OMOR R K OR KoM OR KoMK KR OX KR K KR OK O X KK X X K KR K XK X

Number of branches (115 DAP)
LAT

Number of tubers per plant
Length of tuber

Girth of tuber

N content of tuber

P content of tuber

K content of tuber

Na content of tuber

Starch content of tuber
Protein content of tuber
Total sugar content of tuber
TBR (30 60 DAP)

TBR (60 1156 DAP)

CGR (30 75 DAP)

CGR (75 115 DAP)

Dry welight of leaves

Dry weight of stem

Dry weight of tubers

N uptake

P uptake

K uptake

Na uptake

Physiological efficiency of N
Physiological efficiency of P
Physiological efficiency of K

Physiological efficiency of Na

Agronomic efficiency of N
Agronomic efficiency of P
Agronomic efficiency of K
Recov y fraction of N

Recovery fraction of K

Values of simple correlation coefficient

0 3340

O O 0O 0O B OO0 O 00 00 OO0 0O 0 0L OO OoOOoOOoO o OoOoOoOOod O OO o

0886
1990
1763
0866
0877
0293
0215
1098
0141
0085
0291
1107
1489
0831
0520
01122
2274
1525
1233
5433
29189
4551
1611
0669
0496
0056
0023
0000
9989
0489
5471
0465

4!

between

Correlation coefficient
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5 DISCUSSION

The investigation entitled Partial substitution of
potasaium with sodium in sweet poLato was taken up to study the
effect of replacing potassium with sodium in varying levels Tin

sweet potato

Any technology to replace potassium which is
exclusively an imported fertilizer will definitely help to save
much of our foreign exchange Sodium is reported to replace
potassium in varying degrees in different plant functions The
extent of replacement of potassium by sodium depends decidedly
upon the plant species In this study it is envisaged to assess
the extent of replacement of potassium by sodium in sweet

potato The results of this study is discussed below undexr the

following categories

5 1 Effect of replacing potassium with sodium in different

degrees on the growth and yield of sweet potato

Effect of varying degrees of substitution of potassium
by sodium on the growth and yield attributes of sweet potato was
studied The results showed that 50 per cent substitution
registered maximum yield of 12 62 t ha © which is 14 4 per cent
more than the yield realised under nc substitution ie Ty (Fig
3 and Plate 1) Thus it was observed that combined application
of potassium with sodium in 50 50 ratio is better than applying

potassium alone Olson (1947) reported +that in cotton the
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Effect of substitution of potassium with sodium
on the tuber yield of sweet potato

50 per cent substitution



highest yield was obtained when 32 1lbs each of K and Na were

used together than application of K alone

Better performance of this treatment may be attributed
to 1its beneficial effect on the various growth and yield
parameters (Fig 4) Results further showed that a maximum
length of vine ie 17 68 per cent more than the length of vine
observed under no substitution at harvest was obtained at +this
level of substitution Length of vine at harvest is correlated
with yield with a correlation coefficient of 0 33 Khanna and
Balaguru (1981) reported that the height of wheat plants
increased significantly with an increase in the levels of Na
with a maximum height of 18 1 cm at 6§ 0 mM 1 1 each of K and Na
Better branching ie 7 14 per cent more than that realised under
0 per cent substitution at harvest was also observed at this
level of substitution This showed a correlation coefficient of
0 09 with yield This better vine length and branching has
resulted 1in the production of more number of leaves which ais
quite evident from the better values of LAI ie 27 12 per cent
more than LAI obtained under 0 per cent substitution manifested
to this additional treatment LAI at harvest stage is correlated
with yield with a correlation coefficient of 0 20 Prema et al
(1992) observed that coconut palms receiving 50 per cent
substitution of KCI by NaCl retained maximum number of 1leaves

Sayre (1949) observed that sodium increased significantly the
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total yield and value of red beets Sodium also had a marked
effect on colour and vigour of the follage All these might have
helped in +tapping of more solar radiation which helped to
increase the photosynthetic efficiency as seen from a
comparatively better CGR values of 76 67 per cent more than CGR
values realised under 0 per cent substitution at later growth
stages at this level of substitution on 50 50 ratio During the
initial stages also 40 91 per cent more CGR value was obtalned
than that under O per cent substitution This stage since
corresponds to the critical stages like tuber initiation bulking
and development stages of the crop higher CGR might have helped

in the better source sink relationship

Sodium 1is reported to substitute potassium in different
functions Considering the comparable and better performance of
substituted treatments it is assumed that besides potassium,
sodium also participates 1in various activities mediated by
potassium like activating chloroplast enzymes and ATPase Peiris
and Ranasingha (1993) reported an increase in total chlorophyll
and chlorophyll a content in rice due to NaCl application Ando
and Oguchi (1990) suggested that sodium takes part in chlorophyll
synthesis 1in sodium requiring C4 plants These results showed
favourable influence of sodium on chlorophyll synthesis in both

C3y and C4 plants
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All these positive influences affected the yigid
contributing characters 1like tuber number per plant (11 § per
cent more than that realised under 0 per cent substitution)
length of tuber (18 B2 per cent more than that obtained under @
per cent substitution) girth of tuber (8 42 per cent more than
that obtained under 0 per cent substitution) Even +though the
differences were not significant the signiflicance was lost only
by marginal differences especially in the length and girth of
tubers All these cumulatively resulted in a better yield The
less insect attack found in sodium treated plants also might have

played a role in making the treatment superior

In addition to this higher physiological and agronomic
efficliency at +this 1level of substitution revealed a better
utilization of nutrients within the plant A Dbetter recovery
fraction responds to a minimum loss of nutrients There was more
uptake of nutrients in combination of potassium and sodium than
in potassium alone Therefore some additional growth response

could be expected from this additional treatment

Sodium can replace potassium to a large extent in the
functions of potassium within vacuole because this function is
non specific This replacement within the vacuole make potassium
available for specific functions within the cell or for
retranslocation Eventhough the activating effect of sodium in
enzymes 13 generally small compared to potassium at least in

some plant species sodium is able to activate enzyme system
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remarkably In this case the ratio of K Na 1is of spécial
importance A pre requisite for this replacing function is the
high membrane permeability for sodium From the high mobility of
sodium within the plant it may be concluded that in sweet potato

the pre requisite may be fulfilled

According to Garman (1947) sodium performs some of +the
normal functions of potassium when potassium is low such as in
maintaining ionic balance relationships necessary for
physiological processes Sodium also influences osmotic
pressure +turgidity and transpiration or it may function actively
in the overall ionic balance and buffer capacity relationships
within +the protoplasm It may be active in facilitating the
assimilation of carbon dioxide and in regulating the permeability
of cell wall Cocper (1949) reported that plants 1like sweet
potato cotton and mustard are able to use relatively 1large
quantities of sodium in their growth processes Besides because
of the replacement of a high proportion of potassium there was
an additional stimulating effect of sodium on the growth of plant

species

The fact that 50 per cent substitution of KCI by NaCl
not only increased the yield but the increase was significant is
of high practical significance Tl ~ uptake of nitrogen phos
phorus potassium and sodi 1as found to be higher when the

cations were supplied in + ratio The uptake of nitrogen



phosphorus potassium and sodium at 50 per cént substitutlion
showed respectively 28 83 per cent 28 2 per cent 6 06 per cent
and 118 16 per cent respective increase than that realised under
0 per cent substitution Nitrogen uptake showed maximum corre

lation with yield 1le a correlation coefficient of 0 54

Phosphorus potassium and sodium uptake were correlated with
yield with correlation coefficlent of O 28 0 45 and O 16

respectively

All +these have resulted in the production of more
photosynthetic surface at all growth stages of the crop which
finally contributed to better production of source and the higher
tuber bulking rate Better source sink relationship was observed
in plants receiving 12 5 and 25 per cent substitution over no
substitution These levels of substitution showed higher length
of wvine branching LAI +tuber number and girth of <tubers than
that at O per cent substitution Yield increased by 2 18 per
cent and § 53 per cent respectively over 0 per cent substitution
This better development of source and sink finally reflected in
better biomass production  These levels of substitution showed
better dry matter production of leaves stem and tuber Thus

12 5 and 25 per cent substitution was also better than no

substitution

The poor performance of crop that received 75 per cent

substitution shows +the inability of sodium to substitute



potassium beyond a particular threshold level Cooper ot al
(1953) observed that there was no significant increase in yield
of seed cotton from application of more than 30 1lbs of K per acre
in combination with NaCl In the present study also response to

sodium was not seen when the K Na ratio decreased below one

But the performance of 50 per cent substitution as
bicarbonates compared with 75 per cent substitution was better
This again emphasises the importance of the balance between K and
Na as nutrient for sweet potato It is well known that rather
than the absolute guantity of nutrient +the ratios play a major
role even though interaction between plant nutrients are often
overlooked inspite of +their considerable influence on plant

growth

This role of sodium 1e its importance as a substitute
for potassium is of much importance since the cost of NaCl is

less compared to KC1l

5 2 Effect of sources of nutrient

Effect of chlorine on sweet potato is well clear <from
the poor performance of plants that received K and Na as
bicarbonates compared to those that received the nutrients as
chlorides (Fig 5 and Plate 2) This may be due to the
favourable effect of chlorine and unfavourable effect of

bicarbonate
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Literature pertaining to the response of tuber crops to
different sources of sodium is scanty The need of supplemental
chlorine in plant nutrition has been documented by research world
wide and has resulted in both higher crop yield and disease
suppression 1in various crops (Potash and Phosphate Institute

1983)

Bicarbonate salts had an inhibitory effect on
cytochrome oxidase activity in plant extracts Extracts from the
bicarbonate treated plant had markedly reduced cytochrome oxidase
activity compared to the chloride treated plants (Miller et al
1959} Rediske and Biddulph (1953) observed that bicarbonate was
assocliated with a decrease in uptake of tracer mineral nutrients
Porter and Thorne (1855) reported that increased bicarbonate
concentration decreased growth and chlorophyll content of bean
and tomato plants Large amounts of bicarbonate in leaves also

inactivated the iron in plants

5 3 Effect on quality

The quality parameters studied in the experiment were
texture appearance taste colour starch protein and total
sugar As seen from the results higher contents of sugar
starch and protein were recorded when the cations were applied in
50 50 ratio The total sugar starch and protein content were
3 53 per cent 3 45 per cent and B B3 per cent respectively more
than that observed under 0 per cent substitution In addition

better aprearance taste and colour were in this additional

+reatment
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It is probable that in higher plants there may be an
enzyme system or at least isoenzymes which shows their highest
activity in an ionic environment of both K and Na and not of K

alone

Hale (1948) reported that in sugarbeet sugar yileld was
increased by the application of sodium Truog (1850) observed
that application of sodium to sugarbeet increased +the sugar

content by 20 per cent and also improved the quality of celery

5 4 Effect on nutrient content and uptake

Results showed that those plants that received 50 per
cent substitution of KCl by NaCl showed better nutrient content

and uptake over the plants that received full dose of KCl

Data on N content as influenced by treatments ie 8 06
prer cent more than that obtained under 0 per cent substitution
showed a higher content as well as uptake of N in plants that
received the combined application of KCl and NaCl +than plants
supplied with KC1 only This may be due to potash
neutrioperiodism Ammonium and potassium have almost the same
ionic radii and ionic properties These 1ons are reported to
compete with each other on ion exchange sites on soil colloidal
surface and on root absorption sites The entire quantity of K
when applied as basal along with entire quantity of P and half

the recommended dose of N +the simultaneous application of K and
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N might have affected N metabolism Similar results was reported
by Shehna (1981) In plants receiving 50 per cent KCl1 + §0 per
cent NaCl only half the quantity of K is applied as basal along
with N

A lower content of K was observed in plants supplied
with Na showing the antagonistic effect between sodium and
potassium Potassium content ranged from 1 08 per cent in 0 per
cent substitution where as all the other treatments recorded a K
content of 1 per cent and below 1 per cent Antagonism between K

and Na was reported by Barrant (1875)

Regarding the Na content a maximum of 0 3 per cent was
registered 1in 75 per cent substitution and only about half was
observed in no substitution This higher content of Na in sodium

substituted plants is due to the direct effect of Na

In general uptake of X P K and Na differed signi
ficantly with treatments The N P K and Na uptake corres
ponding to Ty (no substitution) and T4 (50 per cent substitution)
were 216 98 kg ha ! and 278 45 kg ha * for N 21 98 kg ha ! and
28 18 kg ha 1 for P 246 48 kg ha ! and 261 38 kg ha ! for K and
58 35 kg ha ! and 127 3 kg ha ! for Na respectively  This
gradation in nutrient uptake clearly reflects the positive

influence of 50 per cent substituted treatments
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Jordan and Lewis (1953) observed that aincreasing the
rate of sodium salts increased both avallable soil and fertilizer
pbosphate According to Andrews (1948) the value of sodium as
attributed to its efficiency as a plant nutrient 1ts ability to
partially substitute for potash in the plant 1its tendency to
reduce +the leaching of potash and its ability to maintain and
improve +the availability of soil phosphate Nowakowski (1971)
reported that Na can replace K to a higher extent 1n nitrate
translocaticn Brownell and Nicholas (1967) reported the
beneficial role of Na in increasing N fixation by alleniating

nitrate toxicity

It was also found that the uptake of nutrients an Na
substituted plants to the extent of 12 5§ and 25 per cent was

better than no substitution
5 & REffect on soll properties

Treatments failled to give any significant difference in
soil properties like pH EC and WHC The pH range varied between
4 4 to 5 0 and water holding capacity between 21 38 per cent and
23 27 per cent EC of all treatments was less than O 05 So the
results of the study showed that pH WHC and even the EC were not
adversely affected by Na application Prema et al (1992)

reported that application of Na had no adverse effect on pH EC
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and CEC of the soil Simlilar report was also earlier made by

Prema et al (1987)

Even the available status of K and Na did not differ
significantly between the treatments Available K ranged between
73 65 and 96 88 kg ha 1 and available Na ranged between 23 28 and
31 10 kg ha 1 This may be due to luxury consumption of K and
the 1leaching loss of Na which have resulted in more or less
comparable values in the status of these two nutrients in all the
treatments According to Tasdale et al (1990) high concentration
of sodium was toxic to some plants and the associated high pH can
create deficiencies of the micronutrient cations High sodium
affected soils become almost impervious to water and air But
these adverse effects were not seen in this experiment Since the
result of this study is based on the data realised from an
investigation conducted only for one season to draw an
effective conclusion the study has to be repeated especially for

assessing the effect of Na on soil properties

5 6§ Lffect on economics

Perusal of data on economic analysis showed that 50 per
cent substitution recorded maximum benefit cost ratio of 4 33
This higher benefit cost ratio 15 due to better returns realised

from +this +treatment Combained application of K€1 and NaCl on
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50 50 ratio registered a net income of Rs 29119 50 and net
returns per rupee invested of 3 33 which was higher +than those
obtained from other +treatments Compared to 0 per cent
substitution +this additional treatment recorded 24 25 per cent
increase in net returns per rupee invested and 20 92 per cent
increase in net income Cost of cultivation for this treatment

was also less due to low cost of NaCl compared to KCl

All 1levels of substitution except 75 per cent regis
tered better returns than 0 per cent substitution which reveal

the economic viability of these substituted treatments

Combined application of potassium bicarbonate and
sodium bicarbonate registered poor returns compared to all
treatments supplied with KC1 and NaCl This is due to direct
reflection of poor yield in bicarbonate treated plots and higher

cost of bicarbonates compared to the cost of chlorides
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6 SUMMARY

An experiment was conducted at Instructional Farm
College of Agriculture Vellayani during May October 1994 to
study the effect of partial substitution of potassium with sodium
in sweetpotato The treatment consists of five levels of substa
tution 1e 0 12 5 25 50 and 75 per cent Substitution was
effected as potassium and sodium on equivalent basais The
experiment was conducted on sweetpotato variety kanjangad The
trial was laid out in Randomized Block Design The data
generated were statistically analysed presented and discussed 1in
+the foregoing chapters The findings of +thas study are

summarised below

Substitution of potassium with sodium to the extent of
50 per cent in the form of KCl and NaCl produced 1longest vine
(111 25 em) at harvest Branching was found to be maximum at
25 per cent substitution (11 67) Fifty per cent substitution of
KC1l by NaCl recorded a maximum LAI at all growth stages with a

LAI of 3 75 at harvest

Yield attributes like the number of tubers per plant
length and girth of tubers were found to be maximum when 50 per
cent of K was substituted by Na in the form of KCl1 and NaCl
Maximum marketable +tuber yield (12 62 t ha 1) and vine yield
(15 94 +t ha 1) were recorded at 50 per cent substaitution as KCl

and NaCl
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Tuber qualities like starch and protein was maximum
(48 3 per cent and 4 19 per cent respectively) when 50 per cent
of KCl was substituted by NaCl Whereas total sugar content was
maximum (2 95 per cent) when 25 per cent of KCl was substituted

by NaCl

The attributes used to assess the cooking quality were
appearance +taste colour and texture Appearance was found best
(4 01) when 50 per cent of KCl was substituted by NaCl Whereas
taste was best (3 38 per cent) at 25 per cent level of substa
tution Best colour (3 84) was obtained when 50 per cent of K
was substituted by Na as bicarbonates Texture of tubers was
best at 0 per cent level of substaitution Pest 1incidence was
minimum when 50 per cent of K was substituted by Na in the form

of bicarbonates

Dry matter production of leaves stem and tuber were
maximum (19 O0g 25 256 g and 79 12 g respectively) at harvest when

50 per cent of K was substituted by Na as chloride

Physiological parameters like tuber bulking rate and
crop growth rate was maximum (2 42 and000053 respectively) when
50 per cent of K was substituted by Na as KCl and NaCl at

harvest
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Regarding the nutrient content of tubers N content was
maximum (0 87 per cent) when 50 per cent K was substituted by Na
as KC1 and NaCl Content of P and Na was maximum (0 069 per cent
and 0 30 per cent respectively) when 75 per cent of K was
substituted by Na Maximum content of K (1 08 per cent) was
observed at no substitution Maximum uptake of N P K and Na was
observed at 50 per cent substitution 1e 278 45 kg ha 1 28 18 kg

ha 1 261 38 kg ha ! and 127 3 kg ha ! respectively

Available potassium content of soil 1increased from
81 78 kg ha 1 to 96 88 kg ha 1 when 25 per cent of K was substa
tuted by Na whereas available sodium content was maximum (31 10
kg ha 1) when 756 per cent of K was substituted by Na pH and
water holding capacity of soil was not affected by different

levels of substitution

Agronomic efficiency for N and P was maximum when 50
per cent of K was substituted by Na as chlorides Where as that
for K was maximum (508 60) when 75 per cent K was substituted by
Na Maximum agronomic efficiency for Na was registered when 25

per cent of K was substituted by Na

Physiological efficiency was maximum for N P and Na
(561 08 506 14 and 190 67 respectively) at 0 per cent substi
tution whereas for K it was maximum (51 18) at 75 per cent of

substaitution
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Maximum recovery fraction for N and P (3 71 and 0 57
respectively) was observed when 50 per cent of K was substituted
by Na as chlorides Seventy faive per cent substitution of K by
Na registered maximum recovery fraction (10 03) for K where as
for Na 1t was maximum (16 2) when 12 5 per cent of K was

substituted by Na

Maxamum benefit cost ratio net returns per rupee
invested and net income was obtained when 50 per cent of K was

substituted by Na as chlorides
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Tuture line of work

Results of +the experiment showed that 50 per cent
substitution of potassium by sodium produced an increase in yield
and net income i1n sweet potato without any adverse effects on the
soil properties But the results are based on the data realised
from +the investigation carried for one season 8o the work has
to be repeated to draw an effective conclusion on the effect of
sodium on soil properties Effect of substituting potassium with

sodium on other crops alsoc has to be tried



REFERENCES



RCFERENCES

Ananthanarayanan K K 1968 Studies on the effect of maleic
hydrazide (MH) on root tuber and bulb crops

Dissertation M Sc (Ag) Madras University Madras

Ando T and Oguchi Y 1980 A possible role of sodium in
chlorophyll bilosynthesis of sodium requiraing C4 plants
In Transactions 14th International Congress of Soil
Science Kyoto Japan August 1990 4 152 157

Andrews W B 1948 Relation of sodium to availability of
phosphorus Sodaum in Agriculture 14

AOAC 1960 Methods of Analysis gth ed Association of
the Officaal Agricultural Chemists Washaington D C
428 427

Ashokan P K and Nair R V 1984 Maturity stage of sweet
potato varieties South Indian Hoxrt 32(4) 205 211

Ashokan P K Nair R V and Kurian T M 1984 Nitrogen and
potassium requirement of rainfed sweet potato J Root
Crops 10(1&2) 55 57

¥ Bao L De Yin L and Rong Gui W 1985 Response of potash
fertilizers of main crops in China Potassium in the
Agricultural Systems of the humid tropics Proc 19th
Colloquium of the International Potash Institute held
in Bangkok p 323 328

* Barrant CI 1975 The effect of sodium and the sodium x
potassium 1interaction on yield of Malaysia Dwarf
coconuts growing on a potash deficient clay loam
Proc 4th seasion FAQ Techn Wkg Pty Cocon Prod
Prot Processing kingston Jamaica 14 25




ii

Bautista AT and Santiago R M 1981 Growth and yields of
sweet potato as influenced by different potassium
levels in +three soil types Ann Trop Res 3(3)
177 186

Besford R J 1978 Effect of replacing nutrient potassium by
sodium on uptake and distribution of sodium in tomato
plants Pl Soal 50 399 409

Bodniuk AG Ustaimenko C O and Sinuykhan AM 1871
Effect of potassium on physiological processes during
tuber formation in Ipomoea batatas Izv Akad Nank
Sssr Ser Biol 1 114 121

Bourke R M 1985 Influence of nitrogen and potassium ferta
lizer on growth of sweet potato in Papua New Guinea

Field Crop Res 12 363 375

Bouyoucos € J 1962 Hydrometer method improved for making
particle size analysis of soi1l Agron J 54 464 485

Brownell P F and Crossland C J 1972 The requirement for

sodium as a micronutrient by species having the C4
dicarboxylic photosynthetic pathway Plant Physaiol

49 794 797

Brownell P F and Nicholas D J D 1967 Some effects of
sodium on nitrate assimilation and Ny, fixation 1n
Anabaena cylaindrica Plant Physiol 42 915 921

Chavan P D and Karadge B A 1880 Influence of salinity on

mineral nutrition of peanut (Arachis hypogea L ) Pl
So21 54 5 13



iii

* Cochran WG and Cox G M 18865 Experimental Designs Asia
Publishing House p 615

Constantain R J Jones L G and Hernandez T P 1877 Effects
of potassium and phosphorus fertilization on quality of
sweet potatoes Jd Amer Soc Hort Scai 102 779 789

Cooper HP 1848 Effect of sodium in the nutrition of
certain crops Sodium in Agriculture 17

Cooper HP Paden W R and Phillippe M M 1953 Effects
of applications of sodium in fertilizer on yields and
composition of cotton plant Soil Seca T6(1) 19 28

Cope J T Jr Bradfield R and Peech M 1953 Effect of
sodium fertilization on yield and cation content of
some field crops Soil Sci 76(1) 65 74

CTCRI 1985 Annual Report p 64 65

Das RC and Behera S 1989 A note on the uptake and
quality of root tubers of sweet potato (Ipomoea
batatas Lam ) as affected by potash application
Orissa J Hort 17(1&2) 96 99

*po v e 1990 Changes in nitrogen phosphorus potassaum and
sodium contents in maize with 1ncreasing sodium
concentrations 1in the nutrient solution Fiziologiva
na Rastenavata 16(1) 25 31

Draycott A P and Durrant M J 1976a Response by sugarbeet to

potassium and sodium fertilizers particularly in
relation to soils containing lattle exchangeable K J
Agric Sci 87(1) 105 112



1V

Draycott AP and Durrant M J 19766 Sodium and potassium
fertilizer in relation to soil physical properties and
sugarbeet yleld J Agric Sca 87 633 642

Elizabeth K Syriac and Kunju M U 1989 Response of sweet
potato (Ipomoea batatas L ) to NPK i1n the reclaimed
alluvaial soils of Kuttanad Kerala dJd Root Crops
15(2) 91 96

Eshel A 1985 Effects of NaCl and KCl on growth and ionic
composition of the halophytic C4 succulent chenopods
Salsola kali Suaeda monoica and Suaeda azegyptiaca
Australian J Plant Physiol 12(3) 319 328

Fakultet P and Sad N 1988 Reaction of peas (Pisum sativum

L ) to sodium substitution for potassium Zbornik
Matace Srpske za prirodne nauke (Yugoslavaia)
75 6T 72

Feliciano J B and Lopez M A L 1976 Effects of four levels
of NPK and micronutrients on sweet potato yields in an
Oxisol J Agra Univ Puerto Rico 60 597 605

Gammon N Jr 1965 Sodium and potassium requirements of
pangola and other pasture grasses Soil Seca 76(1)
81 90

Garman WH 1947 Effect of sodium on cotton yield and
composition Sodium an Agraiculture 12

Genkel P A and Bakanova L V 1977 Stimulating effect of
low rate of sodium chloride on sugarbeet Field Crop
Abstracts 30(3) 180




Gopalan

Gowda

Gregor

Gupta

Gupta

Hahn

Hale

Hamid

Hammett

v

C Ramasastri B V and Balasubramanian S C 1972
Nutrative value of Indian Foods National Instaitute of
Nutrition ICMR Hyderabad Indaia

PHR Lingaiah H B Seenappa,. K and Shivasankara
KT 19990 Effect of potassium application on yield
and yield components of sweet potato J Pot Res
6(2) 79 81

v and Tasso A 1888 The effect of graduated
potassaum application rates on potassium uptake by the
plants of batatas Agricultura Tropica et subtropica
21 22 31

RP and Dakshinamoortha L 1980 Procedures for
physical analysas of so1l and collection f

agrometeorological data JARI New Delhi

S C and Srivastava J P 1989 Effect of salt stress

on morpho physiological parameters in wheat (Triticum
aestivam L) Indian J_ Plant Physiol 32(2) 169 171

S K 1977 Sweet potato In The Ecophysiology of

Tropical Crops Acad Press New York p 237 248

J B 1948 Importance sodium to sugarbeet and mangold

Sodium in Agriculture 13

A and Talibudeen O 1976 Effect of sodium on the
growth and 1on uptake by barley sugarbeet and
broadbeans J Agric Sea 86 49 56

CK Miller C H Swallo W H and Harden C 1984
Influence of N sources N rate and K rate on the yield
and mineral concentration of sweet potato J Amer
Soc Hort BSeci 109(3) 294 298



Yi

Hawker J S and Smith G M 1982 Salt tolerance and regula
tion of enzymes of starch synthesis in cassava (Manihot
esculenta crantz ) Australian J Plant Physiol 9(5)
509 518 —

Hegde M Janardhana Gowda and Kumar D P’/ 1986 Effect of
nitrogen and potassium on growth and yield of sweet
potato South Indian Hort 34(5) 310 313

Hossain M N Siddique M A and Chowdhury B 1887 Yield
and chemical composition of sweet potato as influenced
by timing of N K fertilizer application under
different 1levels of airrigation Bangladesh J Agric
12(3) 181 188

Holmes J C Long R W and Hunter E A 1973 The effect of
method and rate of application of common salt and
muriate of potash on sugarbeet J Agric Sca 80(2)
239 244

Indira P 1978 Salanaty effects on plant growth and
tuberization in cassava J Root Crops 4(1) 19 23

Jackson M L 1973 Soi1l Chemacal Analysis 2nd ed Prentice
Hall of India (Pvt ) Ltd New Delha p 1 498

Jordan J Vv and Lewis G C 1953 Effect of salts on phos
phorous availability Sodium in Agriculture 30

KAU 1993 Package of Practices Recommendations Crops
Directorate of Extension Kerala Agricultural
University Thrissur

Kayani. S A and mujeeb ur Rahman 1988 Effect of NaCl sali
nity as shoot growth stomatal size and 1ts distri
bution in Zea Mays L Pakisthan J Botany 20(¢(1) 75 81



vii

Khan A H Azni A R and Ashraf M Y 1989 Influence of NaCl

Khanna

Khanna

on some biochemical aspects of two sorghum varieties
Pakistan J Botany 21(1) 74 80

S S and Balaguru T 1981a Sodium as a possible
nutrient element for sugarbeet and 21ts ability to
partially substitute potassium Indian J Agraic Sc1
50(5) 329 333

S S and Balaguru T 1981t Interaction of potassium
and sodium on growth and mineral content of wheat
Indian J Agric Scai 5H1(5) 324 328

Lancaster J D Andrews W B and Jones U S8 1963 Influence

Lehr

Lehr

Li L

Malinza

of sodium on yield and quality of cotton lint and seed
Soil Sci T6(1) 29 40

J J 1949 Exploratory experiments on sensitiveness of
different crops to sodium A Spinach Pl So1l 2
37 48

J and Wybenga J M 1958 Exploratory experiments on
sensitiveness of different crops to sodium D Barley
Pl Soal 9 237 253

and Yen H F 1988 The effects of cultural practices
on dry matter production and partition of sweet potato

(Ipomoea batatas) cultivars J Agric Assoc Chana
141 47 61

G and Khader A M D 18989 Effect of NaCl and CaCl,
on the growth attributes of tuberose (Polianthes
tuberosa L ) var Single South Indian Hort 37(4)
239 241




viii

Marshall J G and Stureas M B 1953 Effects of sodium
fertilizers on yield of cotton Soil Sca 76(1) 75 79

Massey P HJr Eheart J F Young R W and Camper HM
1957 Effects of environment on the yield and vatamin
content of sweet potato Proc Amer Soc Hort Sci
69 431 435

Mathew S Jose A I Nambiar P K N and Khanna K 1984
Sodium chloride nutrition of coconut palms Agric
Res J Kerala 22(1) 17 21

Miller G W Brown J C and Holmes R S 1959 Chlorosis in
soybeans as related to iron phosphorus bicarbonte and

cytochrome oxidase actavaty So1l Sc1i 89 241 245

Mills D 1989 Differential response to various tissues of

Asparagus officanalis to NaCl J experimental Botany
40(2&3) 485 491

Mukhopadhyay S K Sen H and Jana P K 1992 Effect of
potassium on growth and yield of sweet potato J Roct
Crops 18(1) 10 14

Mukhopadhyay S K Sen H and Jana P K 1983 Dry matter
accumulation starch and nutrient concentration ain
sweet potato as influenced by potassium nutrition J

Root Crops 19 21 28

Muthuswamy P Govindaswamy M and Kothandaraman G V 1981
Influence of sources and levels of potash in
combaination with nitrogen levels on sweet potato Madras
Agric J 68(8) 351 354



1xX

Muthuswamy P and Krishnamoorthy K K 1976 Influence of NPK
on +the protein and phosphorus content of sweet potato
tuber and vine South Indian Hort 24(2) 64 65

Nair D B 1987 Nutration studies in sweet potato M Sc (Ag)
thesis Kerala Agricultural Universaty Thrissur

Naar DB and Naar V M 1982 Nutraitional studies 21n sweet
potato J Root Crops 18(1) 53 57

Nair G M Mohankumar C R and Naar P G 1880 Response of
cassava +to sodium chloride (Common salt) J Root
Crops 6(2&3) 53 56

Nair G M 1994 Nutraient moisture interaction under phasic
stress irrigation of sweet potato in summer rice
fallows Ph D thesis Kerala Agricultural University
Thrissur

Nicholaides J J Chaney H F Mascaghi H J Jr Wilson L G
And Eaddy D W 1985 Sweet potato response to K and P
fertilazation Agron J T7(3) 466 470

Novoa R and Loomis R S 1881 Nitrogen and plant production
Pl Soal 58 172 204

Nowakowski T Z2 1971 Effects of potassium and sodium on the
contents of soluble carbohydrates and nitrogenous
compounds 1n grass Potassium in baiochemistry and
prhysiology Proc 8th Coll Uppsala

Ohta D Matoh T and Takahoshi E 1987 Early responses of
sodium deficient Amaranthus tricolor L plants to
sodium applacation Plant Physiol 84 112 117




Olson

QOommen

Patil

Patil

Peiris

Porter

L C 1947 Value of sodium as a plant food for cotton
Sodium in Agriculture 11

M 1989 Cultural manurial and water requirement for

sweet potato (Ipomoea batatas (L) Lam ) Ph D thesis
Kerala Agricultural University Thrissur

YB Patll A A Chimmad A and Hulamani N C 1990

Influence of levels of fertilizers and spacing on the
cooking gquality and nutrient composition of sweet
potato (Ipomoea batatas (L) Poin) J Root Crops

16(1) 22 27

Y B Patil A A Madalageri B B and Patil, V S
1892 Effect of levels of N K and inter row spacing
on growth and yield of sweet potato dJd Root Crops
18(1) 58 61

D B and Ranasingha A 1993 Effect of sodiumchloride
salinity on chlorophyll content in rice (Oryza sativa)
leaves Indian J Plant Physiol 36(4) 257 258

LK and Thorne bW 1955 Interrelation of
carbondioxide and bicarbonate ions in causing plant
chlorosis Soil Sei 79 373 382

Potash and Phosphate Institute 1993 Bulletan Chloride

Prasad

Prema

M and Rac M V [, 1986 Effect of nitrogen phosphorus
and potassium on sweet potato yield Jd Root Crops
12 111 112

D Jose A 1 and Nambiar P K N 1987a Effect of
sodium chloride on growth and yield of coconut palms in
a laterite soil Agric Res J Kerala 25(1) 68 73



xi

Prema D Jose A I and Nambiar P K N 198756 Quality of
copra and o1l of coconut as anfluenced by Sodium
chloraide nutrition Agric Res J Kerala 25(2)
271 274

Prema D Jose A I and Nambiar P K N 1992 Effect of
potassium chloride and sodium chloride on the
performance of coconut in a laterite soal Agric Res
Jd Kerala 30 17 20

Ranganna S 1977 Manual of Analysis of Fruit and Vegetable
Products Tata Me Graw Hill Publishing Company
Lamated New Delhi p 7 94

Rediske J H and Biddulph O 1953 The absorption and
translocation of aron Plant Phvsiol 28 576 593

Robinson S P and Downton W J S 1985 Potassium sodium and
chloride 1on concentrations in leaves and isolated
chloroplasts of the halophyte Suaeda australis R
Australian J Plant Physiol 12 471 479

Rowell D L and Erel K 1971 The effect of th eintensaities
of potassium and sodium in so1l on the growth of
sugarbeet J Agric Sci 76 223 231

Sadayappan ) and Srinivasan S T 1968 Salt tolerance of
rice Madras Agric J b5(8) 337 343

Sayre C B 1948 Sodaum increases the yield and value of red
beets Sodium in Agriculture 20

Sharafuddin AFM and Voican V 1984 Effect of plant
density and NPK dose on the chemical composition of

fresh and stored tubers of sweet potato Indian J
Agric Scid 54 1094 1096



X111

Shehna RS 1981 Potash nutrioperiodism 1n rice {Oryza
sativa L ) M Sc (Ag) thesas Kerala Agricultural
University Thrissur

Saimpson J E Adair CR Kohler G O Dawson E N Debald
HA Kester E B and Klick J T 1965 Quality
evaluation studies of forelgn and domestic rices
Tech Bull No 1331 Services US DA p 1 86

Soufz1 S M and Wallace A 1882 Sodium relations in desert
plants 8 Differential effects of NaCl and Nag 804 on
growth and composition of Atriplex bhymenelytra S011
Sci 134(1) 69 70

Strnad P 1970 The fertilizing of sugarbeet with sodium 1in
chernozem soils Field Crop Abstracts 23(4) 520

Subbaah B YV and Asiga L L 19586 A rapid procedure for
estimation of available nitrogen in soils Curr Sci
25 259 260

Sudha Devi K C 1980 Standardisation of agro techniques for
sweet potato variety Sreenandina M Sc¢ (Ag) thesis
Kerala Agricultural University Thrissur

Swaminathan M 1974 Diet and nutrition in India Essentials
of food and nutration _ Applied aspects Ganesh and

Co Madras 2 361 367

Theodor Jacoby 1965 Nutrition and manurang of tropical root
crops Green Bull Informn about Manuring 19 23 25

Tisdale S L Nelson W L and Beaton J D 1990 Soxl
Fertilaty and Fertilizers Macmillan Publaishing
Company New york p 392 393



X111

Truog E 1950 The essentialaty of sodium as a plant
nutrient Sodium in Agriculture 22

Troug B Berger K C and Attoe O J 1853 Response of
nine economic plants to fertilization with sodium
So1l Sci 76(1) 41 50

Tsuno Y 1981 Sweet potato _ Nutraent physiology and

cultivation 1st ed International Potash Institute
Switzerland p 18 67

Van Bavel CHM 1949 Mean weight diameter of soxil
aggregates as a statistical index of aggregation Soil
Sc1. Soc Am Proc 14 20 23

Volk N J 1946 Sodium helps to eliminate or reduce cotton
rust Sodium an Agriculture 10 11

Wallace A Romney E M and Mueller RT 1982 Sodium
relations in desert plants 7 Effects of sodium
chloride on Atriplex polycarpa and Atriplex canescens
So01l Scai 134(1) 65 68

Warcholowa M 1973 The effect of sodium on sygarbeet plants
grown under differnt potassium treatments Field Crop
Abstracts 26(7) 350

Wargiono J 1981 Effect of NK fertilizer on the yield of
Daya sweet potato variety Field Crop Abstracts 36
389

Watson DJ 1947 The physiological basis of variation in
yield Adv Agron l4th ed Academic Press INC
Newyork p 101 145



xiv

Watson M E 1958 The dependence of net assimilation rate on
leaf area index Ann Bot 22 37 54

Willaiams R F 19486 The physiology of the plant growth with
special reference to th e concept of NAR Ann Bot 10
41 72

Yoder RE 1937 The significance of so0i1l structure in
relation to the tilth problem Soil Sei Soc Am Proc

2 21 33

* Originals not seen



APPENDICES



APPLNDIX T

Weather data during the cropping season (weekly averages)
(from 7 5 1994 to 21 10 1984)

Stand Pericd Maximum Minimum Relatave Rain
ard temperature temperature humidity fall
week From To °C °C (%) (mm)
19 07 05 94 13 05 94 28 2 26 1 84 2
20 14 05 94 20 05 94 33 0 26 4 84 3
21 21 05 94 27 05 94 31 3 24 1 87 4 23 8
22 28 05 94 03 06 94 29 9 23 0 91 6 20 9
23 04 06 94 10 06 94 29 4 23 6 87 8 i5 2
24 11 06 94 17 06 94 29 9 23 2 90 5 07 8
25 18 06 94 24 06 94 30 0 24 8 83 3 4
28 25 06 94 01 07 94 30 3 24 2 77 @ 3
27 02 07 94 08 07 94 29 6 23 6 81 8 1
28 09 07 94 15 07 94 29 7 23 7 88 8 7 3
29 16 07 94 22 07 94 29 2 22 9 82 6 10 6
30 23 07 94 29 07 94 29 8 23 5 83 2 i0 0
31 30 07 94 05 08 94 27 9 22 6 89 2 29 0
32 06 08 94 12 08 94 28 5 24 0 87 9 07
33 13 08 94 19 08 94 29 9 23 17 83 7 17
34 20 08 94 26 08 94 29 8 23 6 77 4 17
35 27 08 94 02 09 94 29 2 23 7 84 5 g 8
36 03 09 94 09 09 94 29 3 23 8 g1 7 50
37 10 09 94 16 09 94 30 4 25 1 86 9
38 17 09 94 23 09 94 30 2 23 4 85 9 0T
3s 24 09 94 30 09 94 30 9 24 0 84 4
40 01 10 84 07 10 94 28 0 23 7 86 9 24 4
41 08 10 94 14 10 94 30 5 22 9 83 6 16
42 15 10 94 21 10 94 29 5 23 3 82 0 i6 1



Appendaix II

Score card for the organoleptic evaluation of cooked sweetpotato

Name of the judge

Signature

Quality
attributes

Appearance

Taste

Colour

Texture

Subdivasions
of each attri
butes

Excellent
Good
Medium
Fair
Poor

Excellent
Good
Medium
Fair
Poor

Excellent
Good
Medium
Fair

Poor

Excellent
Good
Medium
Fair
Poor

Score for
each sub
divided
attributes

HNWH T HOWH O AWk

N W

Date

Score for dafferent

samples Code no of
each samples

1 2 3 4 5 6 1



APPENDIX III

Quantity of KCl and NaCl applied for sweet potato

Levels of substitution KCl1 NaCl
(kg ha 1) (Kg ha 1)
0 per cent 125 00
12 5 per cent 109 40 11 90
25 per cent 93 75 23 80
60 per cent 82 50 47 60

75 per cent 31 25 71 40
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ABSTRACT

An investigation was carried out at Instructional Farm
College of Agriculture Vellayani to study the effect of
substituting potassium with sodium i1n varying levels 1in sweet
potato The levels of substitution consasts of 0 12 5 25 50
and 75 per cent as potassium and sodium on eguivalent basis

The trial was laid out an RBD with four replications

Partial substitution of potassium with sodium to the
extent of 50 per cent increased the growth attributes like length
of vine number of branches plant ! and LAI at all growth stages
Physiological parameters like TBR and CGR were increased due +to

the combined application of potassium and sodium on 50 50 ratio

Marketable tuber yield and yield attributes like number
of tubexs plant 1 length of tuber and girth of tuber were

increased by the combined application of both the cations

Combined application of potassium and sodium increased
the quality attributes of tubers like starch protein and +total
sugar Cooking qualities was also found +to be better when
potassium and sodium were applied together Pest incidence was

also reduced when both the cations were applied an 50 50 ratio



Combined application of K and Na produced maximum N P
and Na content in tubers whereas K content was maximum at zero
per cent substitution Uptake of nutrients (N P K and Na) were

maximum at 50 per cent substitution

Soi1l properties like pH EC water holding capacity

|
lavailable potassium and sodium were not affected by treatments

Physiological efficiency of N P and Na were found to
be maximum at 0 per cent substitution whereas that of K was maxi
mum at 75 per cent substitution Agronomic efficiency and
recovery fraction of N P K and Na was found to be increased 1in

the presence of both cations

Fifty per cent substitution of potassium by sodium was
more econonmic than the existing Package of Practices

Recommendation



