EFFECT OF APPLICATION OF SULPHUR
AND POTASSIUM ON THE YIELD AND
QUALITY OF RADISH (Raphanus sativas, L.,)
AND CARROT (Daucus carota, L.,)

R. CHANDRASEKHARAN

Division of Chemistry and Soils
UNIVERSITY OF AGRICULTURAL SCIENCES
BANGALORE

1983



U. A, 5. saeds Al ORE
UNIVERSITY Ll Ay

ﬁl'ir\l‘!\'(.l' H

ACC. ﬂw%.l._.
P —




EFFECT OF APPLICATION OF SULPHUR
AND POTASSIUM ON THE YIELD AND
QUALITY OF RADISH (Raphanus sativus, L.,)
AND CARROT (Daucus carota, L.,)

R. CHANDRASEKHARAN

Thesis submitted to the

University of Agricultural Sciences, Bangalore
in partial fulfilment of the requirements
for the award of the Degree of

Master of Science (Agriculture)
in

SOIL SCIENCE

BANGALORE SEPTEMBER 1983



%
%@?) %wﬂz’d



Department of Chemistry and Soils
UNIVERSITY OF AGRICULT'RAL SCILNCES
Bangalore

This is t0 certify; that the thesis entitled
*EFFECTS OF SULFHIR ANU YOTASSIMM AFFLICATION ON THE
YIsLy ANL QUALIT: OF RADISH (iaphanus satiyus L.) AND
CARROT (Laugus garota L.)" submitted by Sri R
CHANDRASEKHARAN for the degree of MASTER OF SCIENCE
(AGRICLI'RE} in SOIL SCIENCE of the 'miversity of
Agricultural Sciences, Bangalore, is a record of the
research work done YLy him during the period of his
stucy, in this Univergity vunder my gnidame and super-;
vl sion and the thesis has not previonsly formed the
basig for the award of any degreec, diploma, associate-
ship, fellowship or other similar titles.

pm, “&,

Bangal re (vr. HPALE )

W(l PROFLSSOR OF CHEMISTRY AND SOILS
September J' 1983
AFPROVED BY:
o T
Chairman ﬁbb“"
{ur.rt .B Duhpa.ndo)
Members: 1. &~ \ (N \("/A"
{(Dr. K.R .Thlmu'aju) o
(—_> __,{‘
A S

2. (N
.

5. Rama Rao)




ACKNOWLEDGE!\1L NT

The anthor wishes to express his deep sense of gratitude
and indebtedness to ur.I.B.Deshpande, *.50.(Agri.), Ph.D.,
¥rofessor of vhemistry and Soils, College of Agriecnlture,
tiebbal, Bangalore, and Chairman of the advisory committee for
his valvable guldance, continuous and lively encouragement
throughout the gourse of the research work and also for his
help in the preparation of this thesis. But for his gracions
help, patience and invalnable encouragement tihe amthor conld

not have completed the work.

-

ihe anthor is also indebted to Ur.K.R.Thimnmarajn, Asso-
giate krofessor of Hortioultwre, G.K.V.K., Mr.S.Rama hao,
thys iologist, Lepartuent of Crop Physielegys G.K.V.K. and
Hre S.itamachandre, Statistician,AICRF, iomnltry for meat,
lHiebbal, for having: served as members of this Advisory Commi-
ttee, and for their keem intercst and the valuatle suggestions

in the preparation amnc imrove:ent of this thesisa.

Grateful thanks of the anthor ar¢ also dwe to DrJK.S,
Kxishoa Sastry, virector of Instruction(Agri.), Agriemltural
College, iebbal, and irofessor of Crop rhysiclogy, for having
served on the Advisary vommittee for some tixze and for his

valuatle suggestions in the improvememt of the thesis.

The muthor is also thankful to lr.M.K.Badiger, issociate
T ef essor of vhenistry and Soils, for having served as
Chairman of the committce for aometime anc for his complacency

in enabling me to submit the thesis now.



i1

The anthor wishses to regord his hwmble gratitnde to
iY¥ ¢+ N.G.Perur, present Vice-Chancellor, ''AS, Bangalore, who
served as a mewber of the advisory ocommittee,for his enoourage;
ment during early stages of course work and selection of
research project and his keen interest in the worke. Bnt for
his gracious help and encouragement, the awthor's ventuve

Could not have attained the desired goal.

"he awthor wishes to thapnk all the staf{ members of the
Lepartment of Chemistry and Soils for their kind co-operation
sod help.

ihe mithor 18 algo thankful to Sri MNagabhushan, Soil
Correlator, National Bureaw of Coll Survey and Land ''se :lanm=

ingy Bargulore-24, for his kind help.

The author wishes to thank all his friends and wel-
wishers especially Sri Kalyan nao Margutti, Gulbarga, Dr. M.R.
Nerayana, Scientist, Regional Station of the Central Institute
of Medicinal and - romatio Flants, Bungalore-37, ir.L.C Jayaram,
Hortioultural Officer, Lalbagh, Bangalore-4, and Sri N.Jayaram,
Central bBank of lndis, who have given him friendly encom-lga-;
ment and help in the completion of this work.

The anthor is espeoially thankfnl te Dr.C.A.Srinivasa-
Murthy, A.R.S. and lustructor in lLepartment of Chemistry and
Soils, ''AS, Bangalore, for his friemdly gesture in standing by
hin throuvghout and giving his whole hearted eoeperation,

encouragesent and help in the comrletion of the research work.



i1

lhe author is greatly indebted to the Lepartment of Horti-
ovlture, Gover muent of Karmmtaka, for having deputed him for
M.So.(Agri.) degree prograrme at ".A .S Bangalore. Thex anthor
wishes to apeciully reaord the encouragement and moral snpport
given by Sri Mohammed Ali, Jt.Lirector of Horticnlture(Admn.),
Lalbagh, Bangulore-4, Lr.Bhojappa, Professor of Hort ionlture,
T.A.3¢, Gef.VeK+ Bangalore, and Sri i .Honnaiah, L .H.O. Ch:lkma.-;
galure (formerly A.D.H. (irg.), Lalbaghj, throughont the period
of the degree progrumne.

The author is also thankfnl to Lr.H .H.Marigowda, Sri M.C.
Mastigowua, the late Sri Yeswant Ail, and :ri B.K.Bhattacharya,
leneSey former .iregtom of Hortiomlturxe, Sri Abhaya rrakash, IAS,
the present Lirector of Horticnlture, Sri M.Guruswamy, Jt.
birector of Hortieulture, ori r.l.Nanjappa, Jt.-irector of
Hortig:lture (retd.), 5ri H.lhipperudraieh, L.D.H.(Retd.), Sri
G.Dase Gowua, (formerly D.H.O0.Tumkur ), Sri G.NeAppaiah (formerly
D.H.0., Mangalore), Sri Marulasiddaiah, D.H.0., Turkur and Sri
Bevuregowda, L.L.H.y “ubbton lark, for their physic:l and moral

support at various stages of stnoy, research and thesis work.

Ihe awthor is highly thankfnul to Sri M.A.I inivasan for
having taken up the stupendous task of tyring and presenting

this work in a teantifnl manner, even at a very short notice.

The author records his gratitnde to his teloved parents
for their inapiration, aspiration. blessings and sacrifice and
his brothe&s for their good wishes. The auvthor is also indebted
to his wife and children for tieir loving encowragerent, moral
support and forbearance c¢uring this long course of stndy and

research.



iv

Last but not the least, he is beholden to the

ALANATER for h aving reared him wnder her protective wings.

Bangalore

Septenber 3""\ 1983




CHAPTLR NO.

)
11

III
v
v

INTRODUCT ION .o .o
REVIEW OF LITEHAT™RE .. .o

2.01.
20020
2.03.

2.04.
'2.05.
2,06,
2.07.
2.08.
2.09.

2.10.

2411,
2.12.

2413.

2.14.

lmportance of wvegetable crops ..
Importance of Radish and Carrot orors

Inportance of nusing fertilizers with
special referemnce to sulphur and
pOt“Sium s e

Sulphur in plant nutrition ’e
Sulphur metabolisnm ’e
Importance of potassium .
Sourges of sulphur to rlants .o
Sources of potassium to plants ..

Effect of sulphur application on soil
propﬁrtiel e .

uffect of sulphur application on the
putrient uptake and yield attributes
of oropl ) P

Lffect of sulrhur application on the
avallability of othur nutrients

Response of xmi crope to sulphur and
potasasium application ve

wffect of sulphur appliosation on the

asoorbic meid, amino acids content and

protein content of plants .o
Sumrary of Keview .s

MATLRIAL ANp METHOUS .
RESTLTS .e -
DISCUSS ION .o ‘e

5.01.

5.02.

5-030

Fhys jeal and chemical properties of
80ils . .o

Response of Radish and carrot orors
to sulphur and potassinm applicstion

Changes in the nutrient comsentration
and quality parameters of radish and
carrot crops due to sulphur and
potassium applicution .o

w e N o

12

13

14
16

17

30

31
41
73

()
73

15



i

GHAFTER NO. Title

vl

Vil
VIill

5.04. Changes in the soil properties
due to sulrhur and rotassinm
application .o

5.05. Conalusions oo .
5.06. Futnre line of work oo
STMMARY e
REFERENCES .o .o
 APFENDICES .o .

8.01. Rating char§ of nutrient status

of solls

» -

8.02+ Leil.Re Table showing notations
for yield components - Irinciple

involved ..
8.U3, Extract of ANOVA Tables -
5.04. Meteorologioal data

Fage No.

80

83
84

85

88
101-110

{0l

02
loé

0%



LIST OF TABLES

Igble uo. litle

) §

Physical and ohemical properties of the
s0il before the experiment .o

tffect of sulphur and potassium applicat-
ion on the root yield of radish and
¢carrot . *e

cffeet of sulphur and potasesinm applica-
tion on the nutrient content of radish
rootﬁ .o .s

tfteet of sulphur and potassium applica-
tion on the quality parameters of radish
root ve es

iffect of sulphur and rotassimm applicea-
tion on the mitrient contents and quality
varameters of radish leuves .o

2ffect of sulphur and potessium &appligat-
ion on the nutrient gontent of carrot

bffect of sulphur and potassium applice~-
tion on the guality parameters of Carrot

Lffect of sulphur and rotassimm applica-
tion on the Physical and Chemical Fro-
perties of the soil from radish rlot

Effeat of sulphur and potassinm applicae-
tion on the physiczal end ghemical proper-
ties of the soil from ocarrot plot ve

Fage No.

42

50

53

59

62



!LB.NOO

4.

LIST OF FIG'RES

Title Retween ?g%ﬁé
Layout of the LExperimental Ilot 31-32
Yield of Hadish and Carrot as

inflvemced by applic ation of

-1
sulihur and potassiwm 13Tk
Protein, Vitamin 'C' and Fungency
in Radish as influemced by Sulphnr —_—

7_.

anc lotassinm

Yrotein, Vitamin 'C' and [)-Carotene
in carrot s influenced by application
of snlpnur and potassium. &0 -8l



INTRODUCTION



CHAPTER 1

INTRODICTION

fore and more lands are being brought under oult!.;
vation. Added to the poor fertility statws of solils,
deficiency of the wajor and sscondary elements usmally
occurs in many areas. In the past, large quantities of
sulphur were apiplied to the soil throngh sulphnr contain;
ing fertilizers like ammonium suvlphate, suwperphosphate and
potassium sulphate., In recent times mamfacture and usage
of high anal,sis fertiliizers like lignid ammonia, wreasa,
triple superphosphate, diammonium phosphate as well as
complexes ard 80 on has resnlted in the replacement of
sulphur carrying fertilizers. Added to this, the culti-
vation of highly fertilizer responsive, high yielding
varleties of crops have accelerated the derletion of
gulphur and have accentnated the imbalances in the suprly

of nitrogzen and sulphur in the soils.

Kext in importance to nitrogem and phosrphorus pota-
esium is the other major nutrient element that takes part
in plant metaboliax. It plays an important role in photo-
synthesis and protein formatior. It is al 50 associated
with cell division and is inairectly involved in chlorophyll
formation. It also contributes to the diseuse resistance
in plams. Rai (1965) and Leosthale et al. (1969) found

that potassium treatment alone raised the protein content



of sorghum exmp by 1.04 per cent over control, while potassimm

6
in oomhination with nitrogen enhanced the protein oontenthonr

gontrol by 1l.74 per cent.f samginer oEXid~

A mmber of orops have shownresponse to N.f .K. aprlica-
tious and have shown better yields and to some extent the
quality also. It is also found that oruoiferous crops, onion
anu the like, have shown improvement in the yleld and quality
of the crops, through application of sulphur.

‘housh some sporadic work has been Gone on the resromse
to application of sulphur and sulphur with nitrogen and phos-
phorns, not much work has been done on the resyonse of crops

to sulphur with potassium.

In Karoataka especially, information on the response to
application of sulyhur alone or in gcombination with the major

elements on vegetable ¢rops is not adequately found.

Hence, in view of pauwcity of information a stucy on the
effeot of sulrhur and potassinm on garrot and sadish orops was

taken up.
lhe otjeotives of the stndy rlanned weret

l. To assess the optimum level of sulphur anmd
potassium aprlication for getting maximum

Yields of radish and carrot crors.

L)
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To determine the quality parameters as
affected by applied fertilizers to radish

and carrot crogs.

3
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CHAFTER I

REVIEW OF LITERAT'RE

2.01. importance of Vegetatle (rorps

Hunger and ¥alnutrition are the inseperable problems
facing most of the developing countries. ’'Iniess these enemies
are fought on a warfooting, the anffering millions, that are

and to be, bacorxe a threat to the very existence of the nation.

Balanosd nutrition is the most oriticel factor that in-
fluences the physical an¢ mental growth, abilities, ontlook
and benavioral patterns of a person especially dnring the
grovwing years - Childhood days.

salanced diet inoludes the food ingrediente like pro-
teins, vitamins, minperals, carbohydrates and the like, Vege-
tables are a rich source of these next only to frmwits and

animal products, but more easily available.

<.02. Importance of nfadish and Carrot Crops

Hadish (:ephanus sativus - oruciferae) ani Carrot
(Lapyens garota ~ 'mbelliferse,) are popwlar among the roct

erops in the vegetable world.

Purewal (1957 ) states that radish has a cooling effect.
i1t prevents constipation and increases appetite. It is more

wholesome when ocooked together with leaves. It is considered



good for patients suffering from piles, liver tromble,
enlarged spleen and jaundice (Yawalkar, 1969).

Chavhan (1968) states that oarrot has beneficial ef fect
on the kidmeys and as a preventive for the brick dnust sedi-
ments found in urine. Agcording to Nadkarni (1927) carrot
seoeds are used for prouwcing sbortion, fruits are recormended
for preventing chronio diarrhoea. iJecoction of carrot is a
sure remsedy for jaundice in curope. It is considered as a
source of sugar and a substitnte for coffee. 1Its scraping
is a good stimulating poultice. Ointment of rasred ocarrot
made with laro is nsefnl in euring burns and sealds. They are
exaertiomlily rich in iron and is said to Dbeantify complexion.
Its Kanjl is a good appetiser. Jain and Mukher jee (1966) have
stated that carrot is rich in beta Carotene (/B-Carotene).

lhey have also explained processing it for nusage.

2,03, Importunce of usi fertiligers with speei
eference to sulph and potassium
It is a wvell known fast that sll orops respond to ferti-

liger application. Im order to get higher yields of crops, the

appligcation of nutrients in the forx of fertilizers and manures
i8 necesasary, particularly in scils which do not have inherent

fertility to meet the needs of the crops  for certain

putrients (Swaminathan, 1976).



tugch of our gomoern for fertiliser uwse has been res-
trioted to use of nitrogen, phosphorus and potassium, the
three pricary nutrients required by crops in large quanti;
ties. [ue to intensive cropring, some of the secondary and
mioronutricets are becozing defiscient in soils. Henge, attan;
tion to the three yriuary mitrients should be aontimuedand
gttention should also be given to the secondary and micro-
nutrients. Sulphur is one of the secondary mmtrients.
Sulphur is an essential element for plant growth and ranks
in importance with nitrogen and rthoesphorus in the formation
of plant proteins.

jalk and Las (1964 ) stated that in the case of a number
of laterite, red and alivvial soils deficiency of availakle

sulphur was observed.

Kanwar anc iiandhewa (1974 ) stated that in countrics
like Ilndiua, witally concermed with increaaing their food
proavotion, swlyhur is one element that must not be over-

locked.

2.04. oylphur in plant mytrition

A large mumber of orop species have een found to
respond to applicamionf of sulphur under f£ield coniitions
and pot culture experimentes (Tisdale and Nelson, 1966).

Some of these are olover, lucerne, pasture grasses, cotton,
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wmaize, rice, jnte, bamana, sweet potato, potato oruciferous
orors, berseer, Outs, soyabean, groundnut, bnlb crors like

onion and garlick, coffee, tea ané many others.

Sulphur is important in erop prodnotion beoavse certain

plant funotions reguire snlphur for:

1) The synthesls of amino acids like cystine, cysteine

methionine and in turn the format ion of proteins.

2) ‘he sotivation of certain proteolitic enzymes such
as papainases, in the synthesis of certain vitamins, gluta-

thiones and of coenzyne 'A'.

3) The formation of certain disulphide linkages that
have been associated with the atructural characteristics of

protoplasn etc.

4) In some species the concentration of sulphydryl
(=SH) group in the plant tissues has also been fonnd to de

related to increased cold resistance (Colemany, 1u66).

2.050 Sglghg; metahgli“

ln general plants form redwped sulphur comrounds from
sulphates. Methionine and Cysteine (or Cystine-conversion of
vysteine to cystine proceeds rapidly, hence no distimctien
between eysteine or oystine) are the primary products of

snlphur metabolisr in plants. In most plants, methionins

~



and oysteinf acaounts for 90 per ocenmt of the total snlphur.
Nearly all the methionine and oysteine are present in pro.

teins (Young and daw, 1958). ¢

2.06. Importance of rotassium

rotassium is one of the major nutrient elements in
plant growth. It plays an important rele in photosynthesis
and the formation of proteins. It ie known to activate forty
two ol fferent enzyme systems. It is also associated with gell
division and is indirectly involved in chlorophyll format ion.
it contributes to the disease resistame in planta. Muhr et al.
(1965) stat<d that soils oan be classified as low, medimm or
high in potassium depending on available K20 in the soil.
They are low in potassium if they contain less than 140 kg/ha.
lhey are medium upto 336 kg/ha and high if more than 336 kg/ha.

‘Svenson (1264) while investigating the effect of ammo-
nivm sulphate and potassium sulphate on the yield of table
potatoes, reported that dressing of 250 kg/ha of potassimm
sulphate (54 kg sulphur/ha) coneistently increased the yield
but the resionse to higha rates of sulphur varied according
to variety, when ammoniwm-suiphate was aprliecd. However,
potasaium sulphate gave consistent increasse in the yield
irresrective of the variety. Similarly inerease in yield of

soyabeans has been reported by Allen (1943), Miyasake et al.



(1962 ), Mascayenhas st al. (1969), purely becanse of appli;
cation of potassium fertilizers. Hao and lathak (17<) have
observed not only an increase in the yield but also an in- ]
crease in the protein content of soyabeans, by using potassium

fertilizers.

2,07. Yourges of sulphur to plants

Crop deficiencies can bte corrected by the application
of numerocus sulphur compounds or elemental sulphur. These
may be applied separately or included with fertilizers. It
may perhaps be more economioal to imclude the sulphar em-; |
pounds with the fertilizers as the field can be traversed

only once.

Llenental snlphur can be sufely imglnded with trirple
superrphosphate, armonium phosphate, urea and anhydrous
ammonia (voleman, 1366). 'Irea aulphur and sulpghur anhydrous
anconia are produced and sold in the ... The former is a
prilled waterial contuining 40 per cent nitrogen amd 10 per
cent sulphur while the latter gontaing 75 per cemt nitrogen

and 10 per gent sulyphur.

blemental sulphur has bteen successfully introduced in
to the complete N-l-: granular mater ials. These prodncts have
been sucoessfully tested in agronomic experiments (Faotamphos

ocontuins 16 per oent nitrogen, 20 per cent phosphoric acid

<o
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and 15 per cent sulphur ). High analysis so0lid materials oan
als0 be combined with such sulphur oontaining fertiliszers |
such & simple super phosphate, ammonium sulfhate, potassiwm
sulphate or caloium sulphate to supply the reqnuired sulphur.
Elementai sulphur however scems to have the advantage of om-;
taining the greatest amount of plant nutrient svlprhur for the

least bulk of any of the fertilizer sources of this element.

¥olysulphides, thiosnlphates and bisulphites ere 'med
either separatcly or with other liquid fertilizers. Amponimm
polysulphide for example ocontains 20 per ocent nitrogen ard
45 per cent sulphur anc is frequently appl ied with anhydrous
or liquid ammonia in wWestern countries. Ammonium thiosnlphate
also scems to be an excellent source of sulphnr, the commer-
oial product containing 12 per cent nitrogen and 26 per cent
sulphur .

Howvever the form to be selected will be, normally dotor-;
mined by the farmers' applied oost. The various sources of
sulphur are generaully equally effective im promotins rlamt
growth. lhe extent to which crops respond to sulrhur fcrti;
ligation depends npon the degree £f£ of svlihur defio oy and
tyre of s0il (Jordan ana Heisemaver, 19573 Thompson and Neller,
1963; and Jordan, 1lY%04,.



Based on the results obtained by Williams and Steinbterget
(1y58 ), sulphate snulphur, total water solutle sulphur and heat
soluble sulyhur were all correluted with the uptake of swlvhwr
by plams. 7They further suggezted that only one of them misht
prove to be an index of available sulphur. But sulrhur uptake
by plants was highly correlated with heat solutle sulyhur.

sanfora and Lancaster (1961) found that sulphur uptake
by the cror and sulphate sulphur content in the soil were

highly correlated.

narward gt al. 11962) from their stndies noted that
total uptake of sulphur, of Oregon soils ranged f rom 88 to
115 mgz per pot. There was a close relatiomshir between snl-

phur uptaxe and the yield of dry matter.

On applicution of elemental sulrhur to malze, homes et al.
(1965) founs beneficial effect on its yield and mmtrition, when

compared to sulphate applioc ation.

Bocklee and Martin (1966 found that though all forms
of suliphur were efficient, the sul;hate forns were found to

be post readily available.

Chopra and sanwar {(1966) and Reddy and ‘ehta (1970) sug~
gosted that heat solutle suljhur was strongly correlated with
the sul;hur uptake by plants and further noticed thut 17 pm
of heat soluctle aulihur was required before plams could uti-;

lize sulihnr from soils.
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Sittson Sylvesters (1967 ) noted that mineralisation
of orgunie sulpuur was enhanced by the applio:tion of nitrogen

and uptake of snulpinnr was increased in the omme of wheat,

Mann (1955) and Little (1958) indicated that contimmous
applicution of sulphur containing fertiligere had mo influnerce
in increasing the total sulphur content of soils. Jenson
(1962 ) also observed that tie inereused sulphur content of
s0il to plough depth was not  possible by mere application of
sulphur containing fertilizers but was possible throuvgh appli-

cation of organic matter.

Aguording to Koberts and Koehler (1965) growth respomes
of wheat to sulphur and potassium sulphate at 10 ppm sulphur

were almost identical.

2.08. Sources of lotassivnm to Flants

Fotassinm is an important nutrient element reqnired for
plant gowthe It is present in excess quuntities in wany soils.
In soils it exista in the form of potash bearing minerals like
feldspars, augite, and mioca, in the primary mineraul snite. Crop
reaponges to applioution of nitrogen amd phosphorms are poaié
tive as against responses to rotassinm which is soil amd crep
specific. Among the three major mtrients potassivm is the
only mitrient taken by plamts in the Cationic form. Nonp-

exchangeable, ixcheargeable and Solutle forms of potassimm
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inflvence oror notrition and the three forms are in a state

of dynamis equilibrium in a giwn sofl-crop enviromment. Tye
complex behi.viour of potassium in soils and plants has been
succinctly epitomised by Albresht (1947 ). Fertile loam soilas
commonly contain 1 to 2 per gent of total potassium. The amount
present in most cases is greater tham that of emy of the major
nutrient elements obtained by plams (Attoe and Truwog, 1945).

2.09. «~ffect of sulihur agp;;cat;onj on soil rrorvertics

Bertramson et al. (1954) suggested from their incubation
studies that applioation of sulphur markedly reduced the pH
and inoreased the availatdility of ammoniuvm agetate extirac-

table manganese.

Kamprath et a.. (195G) concluded after their exreri-
ments that soils containing a relatively large amount of 1:1
type clay minerals adserbved more sulphates than soils contain-
ing predominantly 2:1 oclay minerals. Increasing phos-hate

ooncentration decreased the adsorption of sulphates.

Kanwar (1963) stated that soils containing sulphr less
than 15 ppm are deficient, up to 15 pprm medivm and adow 15 ppm
are pood.

Mehlich (1964 ) reported that when anion exchangeable
complex was saturated with sulvhate ions the soils showed
lower calcium sorption efficienc, and higher liue regnire-

ment by lowering the pH.
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Menary and Hughes (1:67) notioced that the elemental
sulphur and sodium sulphate apparently inoreased the utili-
zation of fertilizer phosphorous by decreasing the rate of

phosphorus fixation.

Kacar and Apgul (1967) concluded after their experi-
ment that sulphur increased the availability of soil phosw

phorous in alkaline calcareous soils.

Bharadwaj and Shukla (197U) studied the effect of snl phur
and sulphur bearing otmpounds on the watersoluble manganese
ocontent of a hilly soil in ".F. 1lhey found that sll the
materials weres found effective to cause a deorease in soil

pii anc the amount of water soluble manganese.

sharathsingh and Mahendrasingh (1975) reported timt
sulphur availability increased with imncreused levels of
sulphur irrespective of the source of sulphur, but decreased

with increased soil phosphorns concentration.

2.10. tffeet of sulphur application on the muirient
§ptake and yield attributes of crorg

Grzesilk (1965) observed in pot onlture experiments that
aprlication of sulrhur and ammonium sulphate increased protein
content of spring rape and also inoreased uptake of phosphorgus,

pitrogen, potassium and sulphur.



Puvmphrey (1967 ) found that the sulphur fertilization te
deficient solls raised t he sulphur content of the forage erops
to an extent of 0.2: per gent. It was found that forage crOpi
oontaining C.23 per cent sulphur did not respond to sulphur
fertilization. Pathak and Bharadwaj (1968) noticed higher

contents of snlphur phosphorgns, ¢aleim and magnesiwm in

berseem plants with sulphur treatuwment,

Heisenaver (1963 ) reported that the uptake of soil amd
fertilizer molybdenun was markedly reduced by the arplication
of sulphate fertilizer inm peas. Application of sulphur pre-
vented ohlorosis and increased the yields of peas (Singh, 1970),
Jube and iiisra (1969) reported thaet sulphur deficiency reduoced
the growth of the plants, yield, quality =nd protein content
of the seeds in reas, blackgram and growndmt. In gram amd
groundnut snall size seeds, small size fruits and fruits with;

out seeds were noticed.

ferma et al. (Xy73) observed that applicaztion of sulphur
irrespective of the source, in combination with nitrogen,phos-
phoréus a m potash markedly imorezsed the shelling perogentage

and the oil and protein contents of groundrmut Kernels.

Leurence and Gitbons (1976) reported that in addition to
yield iumprovezent, total protein content of groundmut Kernels
was raiseu and the oil to protein ratio generall. lowered by

the application of sulphur alone in sulphur deficient soils.
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Dungerwal et_al. (1974} also oberved that soil aprlication of
sulphur or spraying with G.1l per ¢cent sulphuric acid were
effective in inoreasing grounin't yields. The treatmemnts ine
oreasec x the leaf sulphur content degreased leaf iron content

but did not affeat nitro.en, phosphorgus, and potash contents.

Aulakh et al. (1976) worked on the effect of sulphur
applicationg on alfalfa. With inoreased rates of aprlied sulphur,
the comcentrations of total nitrogen, total sulphvr, rprotein
nitrogen, protein sulihur and total solubtle swlphnur in the ?lnntn
increased but those of non-protein fractioms like total soluntle
nitrogen, amino-agid nitrogen, amide nitrogcn and nitrate
nitrogen deoreascd. Aulakh et al. (1977) observed in potato
that sulphur application increased the yield of potato tubers,
content of protsin sulphur, totzal soluble sulphur,total nitrogen
and total suvlphur. Sulphur fert:lization significantly in-
ocreased potassium and zino contents but consistantly deoreased

phosphorus contents.

LUhillon and tev (1978) reported that sulphur uptake by
soyabean was inoreased with increasing levels of sulphnr. The
utilization of applied sul:hur Jdecreased when the dose was

raised to 20 ppm of sulthur.

2.11. n%!ect of enlrhur applicution on the availsbility
of other nutrieats

Sulphur when applied as elemental sulphur or im sulphate




forn to soil canused dsorease in soil pH and cxerted consi-
derable inflvence on the availabllity of other unntrients.
Aggording to Dube and risra (1963) the nitrogen and proteins
of peas and groundrnut oro;s were increased Yy sniphur appli;
eation. Nicholzides and Cox (1969) noticed an increased
nitrogen and sulphur e¢ontent in groundmut root and top por-
tions with increase in snlphur fertilization and the phos;
phoréus content of grouncnut degreased as the sulphur con-

tent increased.

Ageording to Arora and Luthra (1971) apprlication of
sulpyhur alone or in coubination with phosphorgns and nitrogen
increased the oontents of nitrogen, protein nitrogen and total

soluble nitrogen in beans.

Fillai and Singh (1974) observed that applicationg
of elemental sulphur inoreased the ph of the leaf sap and
calcium and magnesium content and brought about a concommittant
inorease in nitrogen, potassium and chlorophyll contents of
rice, all of which greatead a balanced nutritioml environ-
ment, This in turn prevented the ocourrence of chlorosis due

to low supply of sulphur.

2.12. ;o8 : chur and potacsinm

Numerous orop species snoh as maize, cotton, jute, tea,

coffee, oruciierous 0rops, leguue orops like alfalfa, soysbean,
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groundnut, buld erors like oniJn and garlic, root orops
like radish and others have been found to respond favouwrably
to the appliouticn of sulrhur vnder field conditions. The
extent to which wvarious orops respond to sulyhur applioca-

tion depends on the degree of sulphur deficiency in soils.

Attention to sulphur nutrition was drawan by Hart and
FPeterson (1911). Miller (1919), noticed that plants having
high protein content responded most to sulphnr fertilization

and their protein content was increased.

iounge (1941 ) stated that there was a significant re;
duction in yield of cotton where sulphur was not a applied.
Sulphur deficiency shoved a marked decrease in ths mmber of
bolls formed. John (1950) and Conrod (195C) showed that
appliction of sulihur resulted in more than double the yield
of soue lezumes. The yleld of svwcoeeding nonlegume crops, was

thereby substantially imgreased.

Sheldon st al. (1951) found twice as much methienine in
vecetative waterial of aoﬁ@ean Zown in mtrient solution
containing 96 ppm sulihur as compared to the one containing
16 prm« In non-legumes sulphates may increase considsravly
with increased sulphur applicationg (crgle and Zaton, 1951;
Andrew et al., 195¢,. In leguminous orops much of the increase
in total sulphur i8 synthesised in to proteins (Andrew et al.,

1952; Neecham and hmuge, 1952). Application of sulphur makes



tise 801l more acidic and thia releases enongh manganese for
normel plant growth (Thomson and Kelly, 1957 ). Knhn and
nengel (1963 ) found that sulphate in superphosphate in-

oreases the yield of onion in sulrhur deficient soils.

Misra and Keshavarrasad (1966, have tried the effect
of anlphur on growth, yield and storage guality of looma red
onion and have noted that 100 pounds of sulphur per hectare
has increased the yield of onion by 8.5 per ocent amc its
content of allyl-propyl-disulphide in presence of nitrogen,
phosthor¢us and potash. In addition they have stated that
svlphur fertilization has improved the storage gqualit, of
onion by decreasing the percentage of rotting during
storage. vhopra and Kanwar (1966) notiged thet Yy applying
sulphur with nitrogen, phosphorgus and potash, signifieant
higher yields of groundnut are obtained. They also noticed
inoreased metnionine and oystine contents in groundmut with

increased sulphur applieation.

Hill (1970) otbserved that the yields of gronndmmt vere
enhanced parabolically to sulphur apprlication. The resromse

wag sclely dus to increased mt size.

Nanaksingh et al. (1970) observed that the yields of
gronndmt and mustard inoreased significantly irrespective
of the form of snlphur apprlied and gypsum was found to be a

very £0ood source of sulphur esiecially for oilseed orors.
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Aulakh et al. (1977) observed that the applicution of
sulphur at the rate of 25 kg per heotare scems to be optimum
for toth yield and for improving the quality of rotatoes.

Somagekhar (1980) studied the growth,yield and quality
attributes of knolkhol as influenced by nitrogen and sulphur.
inoreasing levels of nitrogen and sulphur had favourcble and
significant inflvence on all vegetative growth rarameters
studied. lhe highest level of nitrogen (225 kg per hectare)
and snlphur (2% kg per hectare) resul ted in maximum increase
in rlant height, numter of leaves, leaf area index, dry weight
of plant, percentage dry matter am yield per hestare. (uality
parameters of stem tuber suoh as ascorbic aocid, cindie protein
orude fibre, ash content and nitrogen content of leaves were
most favourably influenced by the highest level of nitrogen
and snlyhmr, that is8 2.5 kg per hectare and 25 kg per hectare

respectively.

Next to nitrogen and phosphorgns, potassium is another
major mitrient element that tak s part in plant metabolism.
It plays an important role in photosynthesis and protein for;
nation. It is associated with cell division, involwed in ohlo-;
rophyll formation and gontributes to disceame resistance in

plants .

Morgan (1939) found that potato tubers grown with com-
plete fertilizers with adequate smount of potassium heve kept

better in storage than those grown without the addition of
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fertiligzers without enough potassimm. Allen (1943) studied
the behawionr of 2 soyabean eultivars at differont ferti-
lizer levels notioing difference in response to potassi-m

but less marked differences in resronss to nitrogen and phoa;
phorgus. Lusheshkin and Lempitskaya (1958) reportec that
applioation of 0.15 kg potassium sulphate per kg of soil
inore.sed potato yield compared to potassium ghloride.
tGerald, E.wilecox (1961l) observed that potato yields were
inoreased by the addition of potassium fertilizer. Miyasala
et al. (1962) also obssryed an inorease in the yield of soya;
beans by ten per cent by aprliocation of potassium fertiligers.
Masgarenh:s et al. (1J69) observed that, in an =2cid soil,
potassinm increased the yield of soeyabeans upto 18 per cent

by applied potassiunm.

Akhmodoy and Vyvalko {197C) have stated that phosphorgus
and potassium fertilizers increased the yield and starch con;
tent of potatoes tut wvaried with the formas of potassimm wsed.
fotasgium ohlori.e adversely affected the yield and starch oone
tent. 1iields improved significantly with potassimm eslphate.
Huthuswamy and Mnthukrishnan (1971) studied the growtk responses
of radish to treatments of farm yarc mamre and nitrogen, phoa;
phorgus and potassium and observed that fresh root weight res;
ponded only to phosinorgus and potassinm interactions and that

each nutrient was effective oanly in the absence of the other
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and the resronse was marked in the presence of nitrogen. Roy
and Seth (1972) stu.ied the comparative efficiemy of soil md
foliar application of nitrogen, phosphorgus end potassinm with
resarc to growth and yield of radish and found that the grow th
and yield of radish increased significantly in res:omnse to
applicationsd of nitrogen at = 60 and 120 kg per hectare, phos;
phorfus at 30 and 60 kg per hectare and potash =t 30 kg per
heotare. Fotash at 60 <y per hectare depressed the growth,

for equal dosce of fertilisgers, soil aprlioation of whole dose
was less effective than split dose of 50 per cent by soil appli;
cation and the remainder by foliar spray. Haq and Khan (1972)
studied the effeots of different doscs of nitrogen in the form
of ammonium sulphate, phosphorénsg in the fom of superphosphate
on the yield of fresh root and seed of radish and found that
trolhkvoot weight was greatest in response to 60 pounds nitroren
and 30 pounds phosphorfus rer acre, where as seed yield was

max imum for the application of 30 pounds of nitrogen only. Rao
and fathak (1972) observed the effeoct of potassium fertilizers
on the yield and protein content of soyabeans. Frotein peroen;
tage ingreused with inorease in potassimm levels and highest
dose of 320 kg potash per hectare prodnced 3 per cent mare
protein than conirol. Firovsxi and Lyankova (1973 ) observed
that all treatments uvsed in the 3 year faotorial trials gave
increased ylelds compurec to control. The highest total and
marketable crops teing produced by nitrogen, phosphor gus and
potash with mineral fertilizers.
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srulikova (1975) stucied the oharacteristics and ohami;
oal composition of radish grown in .the argtics and found that
the vhinese and curopean radish varieties grown outdoors in
the argtic @old, dry-weather promoted ascorbic acid and
leuvcoanthocyanin &ccumulations and higher temperatire aided
in the accumulation of dry matter, sugars, orude proteins,
anthooyanins, potassinm and phosphorus. Application of 150 kg
per hectare of potassium for sweet potato orop inred oxisol
s0ils of lanszaniu increased the ylelu of potato tubers. But
phosphorus applic :tion with potassium at this rate rednced

the yielu ('rio and Kamseta, 1975).

Bible and Cheng (1975a) also observed that in 2 onltivars
of radishes grown hydroponically in modified Hoaglanmds solwtion
in 2 oonoentratioms and sulphate at 3 levels, the thiooyamte
gontent in the root and foliage of both oultivare grown in
1/2 x solution contained more thiocaoyamate, than in tissve: grown
in 2 x solution. Although the thiooyanate content in Burpes
white roots increased limesrly with sulphate level inl1/2 x
solution, the thiocyanate gontent in corresponding iremoh hreak;
fast roots am in roots of both onltiwars grown in 2 x solution

was not significantly affected Ly suvlphur mmtrition.

Bible and Chong (1975b) concluded that the thiocyanate
content of radish-goiterogen was higher in erops in organio

s0il and increused under cooler conditions. It was poaitively
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aorrel sted with mocmulated ¢old units (degree day acoumu-
lat ion 18°C) and negativwvely correlated with mean daily air
temperature only in organic soil and positiwly correlated

with rainfall accvanlation only in loam soil.

Kulikova (1475) assessing the mutritional valve of
Chinese mnd Luroypean radish cultivars conocluded that the
cultivears grown in the arctic, colda dry weather promoted
ascorbic acid and lenco-anthocyanin accumulations and higher
temperature aided the accumnlation of dry matter, sugars,
ornue protein, anthooyanins, potassium and phosphorgus.
Lugzati et al. (197%) studiea the interactions tetween organic
and mineral manuring in vegetatle growing (carrot) using nitro-
gen, phosphorgus and potash mineral fertilizers (perphosrhate,
caloium nitrate, Ammonium nitrate and potassimm svlphate) anmd
an orgznic preparation of fermented popplar bark in pot and
field experiments. fe comoluded that burk did not increasme
root yields but improved the mineral gontents of the roots.
Yields were highest when nitrogen, phosyhor¢éns and potash vere
up;_slicd but phosphorgus ani potash only inoreased the mineral
oontent when applied with bark and inorganic nitrogen lowered
the minerul content. Iiiills et al. (1975) studiecd the nitrate
accumnlation in radish as affected by nitrapyrine They con-
¢luded that plant nitrate concentration was less with ammonim

sulphate than witn potassiym nitrate and acommunlation in both
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roots mac shoots was virtually eljminated by nitrapyrin at
congentrations of 5 mg per pot Or greater. lotal shoot
nitrogen was greater with ammonioal nitrogen than with
nitrate nitrogen but total root nitrogen differed little
between the 2 nitrogen sources. Shoot growth was grester
with ammonj¢.l nitrogen amd root crowth was greaster with
nitrate nitrogen. Nitrapyrin had little effert on rlant
gxowthe.

Burdine and Hall (1376) studied the ¢ arrot responses to
fertilizer levels on ever lade organic w soils. He noticed
that response to phosphorgns was quadratic with optimum yield
at 88 pounds per acre. Hesponse to potassinm was not signi-
ficant. Ipn a sizilar experiment where residual soil phospho;
rous was higher, nitrogen, rhosphorsus and potach at 3 levels
each was applied. There was no signific ant respomse to
nitrogen or phosphorus btut with higher potash levels there
were fewer smull roots. In a third experiment with the same
residual phosphorgus but with higher residwal potash, nitrogen
phosphorus and potash at 3 levele each was aprlied. A linear
response to nitrogen may have teen caunsed by a 3.2 inches rain;
fall, 2.5 weecks before harvest which probably leached rost of
the available nitrate nitrogen,fror the soil. The guadratie
response to phosrphorus and linear response to potash were

mostly dw 16 increuse in the number of large siaed roots.
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In the segond experiment the percentage root < _—sucrose and
alcohol insoluble solides increased limearly with potassium.

In the third experiment nitrogen-phosithorus, nitrogen-potash
and nitrogen phoaphorus potash interactions were significant
for perc.ntage sucrose. oot colour was unaffected Wy treat-
ments. Fankov (1976) studied the e ffect of potassimm on the
chemioal eom.osition and prodwtivity of carrots and observed
that in oontainer and field trials good rlant growth and high
yields were obtained only from plants with more than 1.7 per-
cent leaf potash gontent. Fotassium deficiemoy which decrezsed
leaf potash content,increasec caleimm, magnesinm and phos-
phorus contents. A close correlation was otserved between

leaf jotash comcentration and plant proauetivity. Kitamnra
(1977) studied the relationship between yield of Jap aese radish
and the weather. iultiple regression analyasis was nsed to
predict yields. The growing period was divided in to 3 parts
and the independent variables were the mean maximwm and minie
mun temperature, precipitation anc sunshine hours for these
periods. Yield predictions werc made for all regiomns of Japan.
They imcreased moving northward and were higher in eastern

Hokkaliao.

Hipp (1978) studied the response by carrot to nitrogen
and assessment of nitrogen status by plant analysis. He
observed that uncer the subtropioczl conditions of south texas,

garrot grown for more than 128 days showed & yield restonse



to applioatjond of 56 and 112 kg nitrogen per heotare. An
application of 168 kg nitrogen per hectare did not improve
yields over the 112 kg per heotare level., The optimal
nitrogen level in carrot tops was 2.8 and 4.0 per cent of-
dry weight, sampled 96 and 49 days after emergemce respsc-

tively.

D'Yachenko and Kvrumli (1978) found that in trials in
Moscow reglon phosphorus and rotash fertilizer inocreased
carrot yield, oarrot qnality and resistance to storage rot
(unspecified ). Storase losses over 6.5 months were 6.3 per
ocent., iowever, nitrocen, potash fertilizers donbled storage
losses and lowered carrot resistamce to rots. Farm Yard
Manure at 30 tons per hectare had a similar adverse effect.

Badigr gt al. (1982) reported that significant resronse
vas obaeergl ow:p;ilci:f;n of potassivm at 5.00 ppm level
with or without sulphur (0 and 10 prm) snd caleinm (5 and 10 ppm ).
ihe resyonse was significant on Kernel and hauim yield, shell-
ing percentage, orude protein, Cysteind and Yethionine. Fota-
ssinm at 5 ppm level also increased oil yield significantly

when gomtined either with oaleimm or sulphur.

2.13. pffect of sulphur applioation on the asgorbic agidr
amino «cid, and protein content of plants

Aggorbic acid is one of the most ixportant measnres of

the putritive quulity of vegetables. The content of ascorbio
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aoid present in potato for exanmple varies from 13 mg to 40 mg
per 100 gm of fresn weight. Iimcature tubers contain more
ascorbic acid thanm mature ones. There are varietal diffe-
rences in Vitamin C gontent. This vitumin is independent of
the size and weight of potato tubers but is present in appre-;
gi.ble amounts in freshly dug potate tubers. Consideratle
losses of this vitamin ocounr during storage esreciall; when
the storage temperatures are high. The same thing holds good
in the case of other vegetables also, since it is a water
goluble vitamin, losses dvring cooking and other processing

operations also occurs.

Apart from these losses, complete absence of s nutrient
during the growth period might decrease the ascorbic acid con-
tent. iHowever, these nutrients are to be suprlemented dnring

the growth period of the .lant so thut the gquality is improved.

imitrenko and Crotovaschuk {1963} in an experiment teo
study the effeat of different types of mineral fertilizers on
the gontent of starch, and ascorbic acid in rotato tubers,
noted that application of ammonium chloride lowered the starch
and ascorbic acid content dut anmmoniwm chloride with basic slag
increased the conmtents of atarch and ascorbic acid. This increasec
they attrituted to the basic slag {in cowbimmtion with amnonimm
chloriue) a good source of rhosrhorgus and snlphnr proving

advantageous for potato crop.



In green manure experiments with potatoes grown on
grey podsolised soils ,vuk (1972) reported that application
of nitrogen, phosphorus and potash resunited in tuber yields
of 425 to 460 g per plant, compared with 195 ¢ per rlant
which regceiwd no fertilizers at all. Tuber contents of
starch, ascorbic acid, cystine, methionine and protein were
increased by increasing the rates of sulphur containing
fertilizers. Many researchers including Somoilenko (1971)
reported imcreased average tuber yields dne to the applica-
tion of 80 kg nitrogen, 120 kg phosphorgus and 60 kg potash
per hedtare when coupared to plots whigh have not received
any fertilizers. Application of nitrogen and phosrhorns
increased asoorbic acid and starsh contents in the tubers.
Sharma et al. (1976) while reparting the effect of rotassie
fertilizers on the yield and composition of potatoes repor ted
that sulphate of potash increased the ascorbic acid content,
by 2.7 mg per 100 g of fresh weight of tubers. They furthe
noted that sulphate carrying fertilisers were usunzlly better
for improving both quality and quantity of potate tnbers.
Tisdale et al. (1950) observed that alfalfa when grown with
different comgentrations of sulphur showed & considerable
difference in the synthesis of aminoagids with a given amonunt
of sulphure The percentage of methionine and cystine in-

greused with incrcase im consentration of sulphur.

29
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bardsley and Jordan (1957 ) also comeluded that cystine
and protein oontent of clover increased with sul-mx nppli-;
oations. chopra and Kamwar (1966) moted that methionins and
oystine contents of groundmt were dependent on sulphur appli;
cation$. Arora and Luthra (1971) observed a close correlation
between sulphur content of leaf at various stages of growth
and sulphur containing amino acids like methionine, cystinc
and cysteine. Beaton st al. (1971) studied orop responses to
sulphur application in Morth America and adduced that sulphur

fertiligation increused the protein content of rlants.

2.14. Symmary of Review

It is evident from the studies conducted Wy several
workers th4 sulphur and potassinm individually increases

the yiela of many crors.

It vas observed from the findings cited aiow, that
most of the studies have en ocarried out mostly on varions
orope other than vegetables and the work on vegstadle crops
in general and that on Radish and earrot in particnlar was
almost meagre. uven the work turned out was mostly on the
major pntrient elements und sulprhur alome. Work on the
gcombination of sulphur anc potassium, and their impact on
the yield and quality of vegetables in general and those of
Kadish and Carrot in particnlar has not been observed. Heme
this study was taken up.



MATERIAL AND METHOD S
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CHAFTER III

KATLRIAL ARV METHODS

A field experivent was conduoted during the kharif
season 1978, at the Listrict Horticultural Farm, T'mkur, to
study the effect of arplication of sulphmr and potassinz
on the yield and quality of Radish (Raphunus satiyus 1.)

and carrot (paugus earota L.) orops.

3.01. etails of experizent

The experinent was lald out in the field with the

under mentioned treatments.

Treatment Snlrhur level Jotassinm level
%ppm5 Iks7%81

T, 0 37.50
!2 0 56 .25
r, 0 75.00
T‘ 5 37.50
15 5 56.25
TG 5 75.00
11 10 %7.50
!b 10 56 .25
29 10 75.00

Sulphur was applied in the form of faotamphoslin the
above mentioned doses. Fotassium was applied in the form of

mur iate of potash in the above mentioned doses. /. common

¥ &mﬁw&ﬁm« aroen & page 9,
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dose of nitrogen and phosphorpus, as per the Fagk age of Prao;
tices was applied. That was nitrogen at 75 kg/ha both for
radish and oarrot orops and phosphorgus at 37.5 kg/ha for ]
radish and 62.5 kg/ha for ocarrot orop was applied. Fhosphorus
was applied in the form of factamphos and diammonium phos~
phate. iitrogen was ajrlied in the form of fectamphos and
diamophos (to suit the doses of sulphur and phosphorus and

the rest of the requirement in the form of urea.

wagh treatment was replicated 3 times by randomisation.

The plan of layout is given in Fig.l.
3.02. Sowin: of radish seeds

Hhit{&oiele variety of radish seeds wat obtained throvgh
the Agro 3eeds Corporation, Lalbagh, Bangalore. They were sown
in beds 30 om apart between rows and 10 om apart within rows.
All interculture oper :tions ineluding plant protection work,
were foilowed. The erop was harvested after 45 days. Immo;

diately after harvest fresh weight was recorded.

3.03. Sowing to carrot seeds

Similar to and next to the radish plots, an experiment
wag laid out for the carrot oerep alse. Early nantes variety
of ocarrot seeds was obtaimed from Agroseeda Corporation,
Lalvagh, Sangalore. 1iney were sown in beds 22.5 om apart

between rows anu 10 cm apart within rows. All interculture
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oreraticns including ylant protection work were followed. The
orop was harvested after 100 days. Immediately after harvest

fresh wight was recorded.

3.04. Colleotion and preparation of Soil samples

Initial soil samples were a«twe collected from the
experimentasl areu before treatments were imposed. Lerre-
ssntative soil samples from each plot were oollegted from

the entire experimental area, after the harvest of the orop.

‘he soil samples were air dried and ground taking care
not to break the primary particles and passed throuwgh a 2 mm
sieve. The sieved samrles were mixed, packetted and labelled
for further laboratory analysis.

3.05. Anal sis of 80il samples

ihe representative soil samples were analysed for the
following propertiess Mechanical analysis was also done in

the case of initial soil samjles.

i) Mechanigel enal,sig: +he international pipette

method was foliowed usin: sodium hexametaphos:hate as the

dispersing agent (Fiper, 1966 ).

ii,; 504l reagtion: ihe pH of the soil samples was
determined in 1:2.%, s9il:water suspension vwsing a pH

meter (Jmokson, 1y73).
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i13i) Lleotriocal conductivity:t It was determined from
1:2.5 - 801l 1 water suspension using the conduotivity dridge
{(Jaokson, 1Y73,.

iv) Cation ixchan g Capagityt Cation exchange eapacity
of soil samyles was determined by leachin: the soll several
times with 1.0 N neutrzl ammoniwm acetate ané washing with
aloohol to remove excess of eleotrolyte. The adsorbed NH} was
displaced by x* by leaching the s0il with potassium ghleride.
in the leachate NH: was eatimated by distilling with excess
sodlum hydroxide and ammonia distilled was gollected in 4fert
boric acid containing Bromocresol green-Methyl red mixed
indicator and titrated against standard ascid, From this

data C.L.C. of soil samyples was calanlated (Jackson, 197%).

v) Organig earbon: Urganioc carbon was determined by the
walkley and Black's (1934 ) rapid titration method as cGesorived
by Jackson (1973). A known weight of 804l samrle was passed
through a 0.5 mm sieve and was digested with standard potas-
siux dichromate solution and concentrated anlphuric asid and
the excess of Jichromate solution was back titrated agzainst
staniard ferrous aanmonium snlphzte solution nsing dirhenylamine

inJioator.

vi) Ayailable pitrosen: It was determined ty alkaline

perzanganate method of Subbaiah and isija (1956).



vii) Ayajlable phosphorug: It was determined by molybdate
blue colour method using Bray's sutractant. The intensity of

blue oolour developed was measured in Klett sumerson photo-

eleotric colorimetre (lerur, et al., 1973).

viii) Ayailable potassium: It was determined flame phto-
metrically from the extract nsipng mentrael 1 N ammonium acetate

with 115 s0il extractant ratio (lerur, et al., 1973).

ix) sxchanseable guloiim: Lxchangeable calcinm was
extracted t y neutral normal ammonium agetate solution and the

calcium content in the extract was determined by titrating an
alignot of the extract against standard versepate solntion

using muroxide inciscator, as desoribed by Jackson (1973).

x) cyohangeable magnesium: "sing &n aliquot of the above
50il extract, culcium + magnesium wvere determimed by titrating
againet stan.arad versenate solution, nsing eriochrome blade -T
as indicator. firom the .ifferemse in goncentration between

+4

(ca + Mg'”'-) and cu'M alone, the sxchapngsalrle magnesinm in

milliequivalent per 100 g was calonlated Jackson, 1973).

xi) ~yajluble sulphur or sulpnate sulphurt: Twventy grems of
alr dried soil was taxen in a 250 ml econical flask and 5C ml of

apmonium acetate was addeds. The flask was shsken for one howr on
& rechanical shaker. ihe contents of the flask were then filtere

through whatwan Lol 42 filter paper. Iwenty ml of the aliquot
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vas transferred to a 25 ml volumetrio flask and 1 g of bariwm
chlorice was added, sneken for one ninute and one ml of 0.25
per ceut gun agacia was added and again shaken for a mimmte.
The turbidity of the solution was measvred to estimmte sulphate

sulphur in the sample (islack, 1355).

3.00. Analysis of plant samples

&) lreraratio oot and 1 sampl e

After recording the Iresh weight of the samples.repre-
sentstive root and leaf samples were taken, A part of the
sam,_les was grated, oven dried, powdered and hottled and
labelled for furtner chemical analysis. Another part was
preserved in a refrigerator for amalysis of Vitanin ¢, pun-

1
gency and  Dets Carotene ( [&-Caroteno).

) Analysis of dried samyples
1) lotal Nitromen: Hitrogen im plant samrles was esti-

mated bty following miorokjedahl method as outlined by Jacksom
(1973). 0.5 g of plant sample was digested to a olear solntion
using V.5 g of digestion mixture (100 parts of potassiim
sulphate and 20 parts of gopper m sulphate +0.05 parts of
solenium,; and 6.0 ml of conc.sulrhuric wid. “he digested
sample was transferred to microdistillation set and made
alkaline. Steam distillation liberates ammonis which was
colleot.d in 4 per cent solution of boric acld and estimated

by titration with standa@c sulphuric acid.



vigestion of plant samples with di-acid mixtwure

To 1 g sanple, 10 2l of dis-agid mixture (nitric scid
and perichloric acid in the ratio of 10:4) was added and the
sanples were digested on a hot plate till solution twr med

clear ani then were mace to 50 nml volume.

3

11) thosphorug: In the diaoid digest of the plant samrles

-1

phosphorns was estimated by following the Vanadomolytdic yellow

golour method as descrided by Jaskson (1973 ).

1ii) jotassium: In the diaoid digest of the plant samples
potassiun was estimated by using narrow band interferemce

filter, flame-photometricaily.

iv) & v) caloinm and Magnesimm: Caleiuwm and magnesium
wvere estimated in a known aliquot of the diaold extract by
following the procednre as described by Jsokson (1973).

vi) Sulphyr: This was determined Yy taking 20 ml diacid
extract in a 25 ml conical flask to whioh 1 g of barium
chioride and 1 ml of U.:5 per cent guam asacia were added.
Then the ccntents were shaiken and the intensity of turbidity
was estimated nsl rg the spectrophotometre at 420 nm. The
peroentae of sulphur was calonlated wsing a standar:c curve

(Bleok, 1965).

vii) irotein: Frotein wmntent of the sample was calen=
lateu by multiplying the nitrogen percenta;e with the factor
6025.
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viii) Crude fibre: (rude fibre was estimatedly treat-

in. the sample with dilute acid and alkali and the undissolved

portion excludin; mineral matter is considered as orude fitre.
3.06. ¢) Apalysis of fresh samples

Vitamin-'C' {(ascortic agid;. The ascorbic acid of the
sapples was extracted, as described im A.0.A.0. (1965) by nsing

metaphosphoric acid, acetic aciu mixtwure.

tive srums of fresh sample was washed thoronghly and
nacerated well, nsing the extractant mixtnre and made to 50 ml
and gentrifugeas .t 50U revolutions for 5 minutes. rrom this an
alignot was taken and titrated against dichlorophenocl
indophenol dye. A standard solution of 1 mg ascorbic acid

per nl of acid extractant served as reference standard.

11 ) knngency in radish yoota: Fragency in r adish roots

was estimated as per procedure detail=d in the took ""he
ohemical analysis of foocs and food produwots" by Morris B,

Jacobs and L.Van (1951 ).

¥ive gram of sample was maocrated for 2 hours using
10U ml water and to this 20 ml of ethyl algohol was added.
Sixty ml of thiswas distilled into a 10C ml volumetric
flask containing 10 ml of 1:2 ammonium hydroxide. iwenty ml
of U.1 N Ag Ro3 solvtion was added and met aside owernight.
hsated to boiling on a waterbath to agglomerate silyer
shlphide. vooled and made np to 100 w1l with water and
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filtered. rifty ml of this was acidified with 5 ml nitric
acid and titrated with O.1 § ammonium thiooyanate, using
5 ml of 10 per cent ferric armonimm swlphate solntion =s
inuicator. Ysing the formula 1 ml U.1 N AgN052 0.004956 g
Allylisothiooyanate, the pungenoy was ocalonl ated, in terma

of aliylisothiocayanate.

iii) _,@-Jgotene in Carrots: p Carotepe in carrots
was estimated by following the procedure described in the
book 'wethode of Vitamin Assay* (Amom., 195'1)

Five g of the sam;le was taken The sample was mago-
rated using ampall amounts of 85 per ¢ent acetone. Filtered
through Buchner funnel, washed with 85 per cent acetone.
tiomogenisathon was repeated till filtrate =and washings vere
oolovrless. ihe washings and the filtrate was then made up
in a volumetric flask to 100 ml. This was refluxed for
3U minuytes with 2 g barium hydroxide and filtered, into a
separating funnel and washed with 55 per cent scetone.
Swirled with 5V ml petroleum ether. After separation of
jhases acetone layer was run off and washed with 10 ml
port ions of letroleum ether. The washings were mixed with
the orig.nel ether phuse. ither was washed with 20 ml por-

tions of water. uwashings were discarded.

sxtracted with 30 ml portions of 90 per cent methanol

until the extracts were ¢olourless. =Zxtraots retained. Washed
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the combined :ethanol extract with 10 ml petroleum of ether
and added the washings to original phase. Washed the ether
phase with water and disgcarded the washings. Filtered through
anhydrous sociup sulphate to dry. Washed with petrolemm
ether and dilutes to 10U ml. iitrated against potassim
diohromate. IS - Carotene was caloulated vsing the formnla

- 1 ml dichromate = 0.0U158 g of ﬁ-carotam.

3.07. viimate anying the period of the crop

Mesteorological cata during the grop period was obtained
firom tne meterologioal observatory and has been presented in

the Appendix 1V.

3.08. Statistical procedure

Statistical amlysis has been carried out »sing
iungan's /ultiple lange (UMR). Test as given by Steel and
Ton'i;: (1960) for mean separation, after test fcr analysis
of variance was performed. ULUMR test was earried out for
observations on yleld and guality parameters at 5 per gent
probability level, wherever significant differences were

noticed through ANOVA.
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With the objective of assessing - (1, the optimum level

of ayplication of sulphur and potassime for maximum yield of
radish (+hite ioicle) and oarrot (uarly nantes); (11) to

deturmine the effect of these nutrients on the gquality para-
meters of the crops, and (iii) to study the effeat of these
nutrients on the properties of inmkur Red Soils (Aquic usti-

fluvent-lakkanapalya series/, experizents were conducted at

the District Hortionltural Farm, Tumkur. The res-lis are pre-

senteu in the following tables.

4.01. vharacteristics of the soil

The physioal and cheuwical properties of the represen;
tative s0il samples cgolleogted at two depths from the exreri-
mental site, before starting the experiment are rerreseonted
in lable 1. The data revealed that the soil is red, olayey
with more than 40 per cent olay, at both the depths. It is
agidic in reaction and the soluble salt oontent of the soil
is negligible ( 0.2 nmhos/om at 25°C) as revezled by the

low electrical condwotivity of the s0il suspension. ‘he cation

exchange capacity of the soll is moderate with moderate to
poor nutrient status (:iprendix I). The soil contaimed low

amounts of exchangeable ecalcium and magnesiumn. The aoil is

poor in avail.ble phosphorous content and medium in availhble



iable lé Physioal and vhemical properties of the soil
before the experiment
1. Fh;sical iroperties

i, Wechanical Analysis: '
' O to 2:.5cm8 22,5 to 45 cns

a) Coarse sand () | 26 .00 22.95
b) +ine sand (%) 29.00 28.87
¢) silt | (%) 0.90 3,00
d) Clay (%) 44.10 46 .00
Textural Class Clayey Clayey
I1. thysico Jchemical Irojerties
a) pH (132.5) 6.2 6.1
b) EC (m.mhos/cm at 25%( 0.200 0.200
¢) CEC (meq.per 1CU g) 14.8% 17.22
IIl. vheulcal irorerties
a) Available nitrogmun(Ksz/ha) 321,10 321.10
b) Available phosphorus " 19.60 8.40
¢) Availatle potassium ¥ %20.00 160,00
d) Organic earbon (%) 0.70 0.68
@) sxeh. valoium (ze/100 g) 6.80 6.20
£) Sxoh. Magnesinm " 0.40 0.40

£) Available sulphur (%) 0.0042 0.0035
(or (105 kg/ha) (or)}(87 kg/ha)
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nitrogen and Yotassium ® ntents. The available anlphur content
of the s0il was 0.0042 per cent (105 kg/ha) at O to 2:.5 om
depth and 0.0U35 per gent (87 kg/ha) at 22.5 to 45 cm depth.

3.02. Lffe of sulphur and Tfotassium on the yield of
radish and garrot

4/ iield of racish: ‘he effegt of sulphur and potassim
application on the ter plot and per heotare yielc of radish is
presented in Table 2. Significant increase in yieid dme to
inorease in aprlicetion of sulphur and potassiim is o iserved.
+he yield values ranged from 4.0 kg per plot to 5.3% kg per plot.
Highest yield was recorded in i9 treatment (S2K3} and lowest
yield in 11 treatuent (soxl}. The DMR test revealed that the

increasiug oifference between i, and 'I‘4, ’.1‘6 and '1‘7 and TS and T9

3
were not significant. Significant increase was observed in other
treatoerts. ‘I‘g wag found to be superior compared to treatments

T, to ‘17. Tne yield oMtsired per heotare (17,770 keg'/ha in Tl to
23,770 kg/ha in Tg) was comparisively highsr to valnes mentioned

in Faockage of iractices (1G,000 to 20,000 kg/ha) pubiished by '1AS.

Ag per ANOVA test, no sig niflcant difference in the
yileld of radish duwe to interaction detween sulphmir anc potassim
levels, was observed but both potassium and sulphur applioca-
tion individually showed signific ant increase in the yleld of

radiah.

i1} liels of varrots: ihe pa plot yield and per hectare

yield of carrot as affected by enlphur ané potassium apprlication
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TalLle 2: cffeet of sulphur and rotassim application on
the root yield of radish and garrot

kadish Carrot
Treatusnts ileld in Yield in Yicld in Yleld in
kg/plot M.tons/ha Kg/rlot M.tons/ha
T, 5K, 4.00a 17.77 3.46a 15.35
T, 5, K, 4.25b 18.88 3.49a 15.51
Ty Sg Ky 4.45 o 19.77 3.52a 15.65
'I.'4 5 Kl 4.50g: 20.07 %.54n - 15.73
T, S, K, 4.754 21.11 3.62ab 16.06
Te 51 Ky 4.950 21.99 3.70bo 16.44
T, 5, ¥ 5.UB£% 22.58 3.75¢d 16.66
Ty S, K, 5.25{%/ 23.32 3.84de 17.07
Ty S, Ky 5.35%, 23.71 3.92¢ 17.43
F.tent . s - xe

Note: Notations indicate the significant cifferences in this
™~ ouse ihorease in yield, dne to treatuents

ihe prineiple involvedin giving notations is tx alarly
explained i n Appendix Il
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is prenented in lable 2. An increase in the yisld of carrot
wa3 obtained with increuse in the gnantum of snlphwr and
potassium applied as in the case of radish. hLighest yield vas
recorded inm Tg treatment (3.92 kg/plot) and lowest in T1 treat-l
ment (3.406 kg/vlot). Gignifioant inorease in the yield of
carrot dse to treatments has been obeerved, throvgh ANOVA. Ag
pe& DMR test, it has been found thit there was no significant

difference between Tl’ 1‘2, 1, anc 1'4 treatments but all other

3 _
treatuents (1. te T9} were signifioantly different from 7. to T

treatments. ‘Liere was no significant increase among i, 'I;and 'I:
treatuents aund between ’I‘ und '1'5, TS and Ts, ’l"6 and '17, and ‘I.'
and 18 and 1‘8 and ‘Ig treatuents. 1'9 was the only treatment
which was significantly different compared to all other treat-;
ments exoept T8 treatment. 3ihe per hectare yield (15,350 kg in
T, treatment to 17,430 kg/ha in '1'9 treatment ) obtained in the
experivent was well within the valucs mentioned in the package
of practices published by UAS (20,000 kg/ha). Ae in theoase

of rudish, significant cifference in the yield of carrot vas
obtained due to snulphur and potassiwm application but there

was no signitioant difference due to interaction effect.

A. Mutrient conteut
lhe effect of sulphur and potassium applic-tion on the

mtrient content of radish roots is presented in Table 3.



Table 3: Lffect of Sulrhur and Totassinm aprlication on

the nmutrient content of radish rocts
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N , thos- tota- Caleimm Magne- Snlrhur
Treatoents Kitrogen phorus ssium % sium %
 J » % %
Tl so Kl 0.17a 0.30a 0.25 0.%6& 0.14 0.37s
T2 S0 K2 0.18ab 0.30a 0.26 0O.36a .14 0.37a
13 80 K, 0.19be J.31b ¢.27 G.37p 0.15 0.%7a
T‘ Sl Kl C.lgab 0.31v 0.27T 0O.37c 0.15 0.38b
T5 S1 K2 0.19abo 0.31b .28 0.38¢ 0.15 0.38b
Tﬁ S1 K3 0.200 U.32¢ 0.28 0.38¢ 0.16 0.38p
T7 82 Kl U.19%ba U.32¢ 0.29 0.3Bo 0.16 0.39¢
TB sz K2 0.200 0.32¢ 0.29 0.39¢ 0.16 0.39¢
19 S, K3 .21d 0.32a 0.30 0.39d 0.16 0.39¢
F. tast % ¥ % S %% ) ] ah
Nots:S5mme princiile a8 explained in appendix I1  is followed

in giving notatio:s



a,) Mitrogen: In case of radish roots, there was signi;.
ficant difference between treatuents, the values were ramg-
ing from C.17 per cent to (.21 per cent, with lowest valwe in
Tl treatment and highcst valnwe in T9 treatnent. TG and TB
treatments have shown higher nitrogen content (0.29:,,") than
others except Tg where the nitrgger content observed was 0.21
per cant. DiH test revealed further thst there was an 1n;
oreasing trend of ciffercnce between Tl and all other treat;
ments. lhere was no significunt difference tatween T2 and T‘;
13, T5 and T7I T5 and 17 $ T6 and T8 treatrents. There was
significant di fference between T4 and T’, T7 en: T6 s and T&'
and Tg treatusents. Tg treztment was found to be surerior to

all other treatments.

bJ ggosgnorggg: The phosphorus eontent of radish root

(iable 3) also differed significantly wibh the valuves ranging
from 0.30 to U.32 per vent with highest value in T6’ T7, T8 and
T9 treatments and lowcst value in T, and T, treatments. An in-
orease in the phosphorus content of radish was observed with
increuse in the guantity of sulphur and potassium aprlied.

Ihe DMR test indicated that there was no significant differences
tetween Tl and Tz; TB' 14 ana i_ and T4 and T_. treatments.

5 5

16, TT' 18 and T9 have signifiganmtly increased cue to treate

ments anc found significantly ¥ ¥  superior compared to

1, to T

1 5 treatments.
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¢ ) Potassiumt There was no significant difference in the
potassium content of radish root (Iable 3). The values ranged from

0.25 to .30 per cent with lowest valve in case of '1‘1 treatment

and hizheat value in ‘1'9 treatment.

d) valcimms lhe caloiwm conteunt of raiish roots dif fe-
yed significuntly due to treatments. The walues ranged from 0,36
to U.39 per cent, with highest wvalue in TB and T, treatments and

9

loweat value in Tl anu T2 treatments. The DMR? test indicated that

only 18 and 1‘9 treatments differed significunt ly compared to other
treatments. There was no significant difference between Tl and Tzl
12, 'I3 and T‘; TB’ '.'l.4 anu 'I5 » &nd 4canc TT treatments. Hven

betweon themselives TB and ig did not differ significantlyl

o) Magnesium: ‘ihere was no significant uifference in the
magnes inm content of radish roots The values ranged from 0.14

to U.16 per cent with lowest valve in '11 and ‘I’2 treatwents end

highest value in TB’ 'I,’, ‘Ia and T9 treatments.

f) Sulphur: Signifieunt differemce in the sulphur cone
tent of radish root, uve to treatment was observed. Highest
valve (U.39 per cenmt, was obtained in 17, '1'8 and Tg treatments

and lowest value (0.37 per cent) in Tl’ T2 and T_ treatwents.

3
From DMR test it is ¢lear thut only '.l‘a and T9 treatments were

significently different gompared to all other trednents. There

vas no signifiomt uifference between 1,, T, anc 1,; T,, T, and

3 3
143 T,. '1'4 an '1‘5, and between '14, T5, 1¢ and T,., treatments.
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B) guality larsieters

The changes in the quality parameters of radish roots
due to sulphur and potassimm aprlicationg have been presented

in Table 4.

a) Frotein: lhere waa a significant differeme in the
protein content of radish dnue to treatments. The values ranged
from 1.07 to 1.31 per gemts lhe higest value recordeé was in
Tg treatment and lowest in Tl treatment. irotein content of
radish inoressed with imcreuse in the gquantity of S and K
&pplied. Frrom LMR test it was clear that only 1'9 was signl-;

ficantly superior compare. to 1‘1 ’ 12, T‘, 1. and ’1‘7 treatments.

5
lnere was no significant difference between 11. T

Ql.
74 T

2! '1'4’ 'L5 and
2. '14 5, T,’ and 13i T4. -1-5, 17 and ’1‘3; 15' 17' T,, Tsf

and '18; T7, 13. T, and '18, '1"3, 1‘6, 'I'8 and '1‘9; '1'6, an d Tg-,and TB

and Ig treat:ents. lhe protein content of radish roots differed

y T

signiiicuntly due to the applic:tion of sulphwr alome. There
vas significant difference dne to interaction eficct of theae
2 pe faXV A e
tvo nutrients. there was no effeot due to potassimm application.
b) gude fibre: There was no significant difference in
the crnde fibre content of radish roots drne to treatrems. The
valnes ranzedfrom U.71 to 0.83 ver cent with hishest valne in

Tg treatrent and loweat valwe in ’*1 treatment.
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Table 4: Zffect of sulyhur and lotassium application
on the gquulity parumeters of radish root

ireatments iroteyn Ei::: .gft:z}" Frngenay
% % 100 g ¥
T, S K 1.07a 0.71 20.70a 0,18a
T, 5, K, 1.12ab  0.75 20.70a 0.20ab
Ty S Ky l.2lbed 0.75 22.50b 0.22v
T, 5 K 1.13ab  0.77 25.65¢ 0.64¢
T, 5 K 1.18abe  0.77 26.25¢ 0.718
Ts 51 & 1.25 0d  U.78 26 .90¢ 0.76e
TT 5, K 1.18ab¢ 0.78 29.404 0.92¢
g S, K, 1.2504 0.78 29.404d 1.04g
Tg S5, Ky 1.314d U.83 30¢.004 1.13h
F.test £ % NS e 2

Note® Same primeiple as ex;lained in Appendix II is
* followed in giving notations
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o) Vitomin 'C': The Vitamin 'C* content of radish roots
differed si nifioantly due to treatments, valnes ranged from
20.70 24/100 g in T any 12 to 3G.00 mg/100 g in Ty treatment.
An inoresse in the Yitamin C content of radish was observed
with inorease in the quantity of sulphur and potassium applied.
Bibjected to DMR test it was found thut there was mo significant
difference between 511 and I_and 4 ami T _ treatments. Signi

2 5 6
ficant differences vere observed between. Tz and 4_ amd T

'14 treatuents. T.,, Ig ana 1‘9 treatnents were fom:i to be ’
signific antly superior oompared to all other treatmenmts. The
Vitamin ¢ content of radish roots uiffered significantly due
to the applic stion of snlphur but not dwe to potassivm indloat-
ing the importance of sulphur. JVifference due to interaction

was not observed.

d4) Iungency: Significant uifferences in the pungemy dﬁe
to allylisothiocyanate content of r adish root, due to treat~
ments was observed. Highcst content (1.13 per cent) of Allyl-
isothicoyanate (the pungenay factor in radish) was reoar ded
by Iy treatment and the lovest value (0.18 per cenmt) by T, treata
ment. ‘I'.', I'a and ’1’9 treatuents were found to be significantly
superior compared to all other treatmente. As per the DMR test,

there were no significant differences retween '1'1 and '1'2; ‘1‘2 and '1‘5

treatments. As per ANOVA test significant ciffercnce in the
pungenoy percentage of radish was observed cCue to potassium and

sulphur incdividually and also due to interaction indic ating the



effeat of these two nutrient elecents on the pumgency of
radish.

4.04., sffect of apprlication of sulrhur and Fotassium
on the gu.lity paraseters of radish leaves

A) imtrient vontent

The ohanges in the nutrient content of radish leaves duebs

sulphur and potassinm aprlications is presented in Takle 5.

a) Nitrogen: Significant difference in the nitro-en con-
tent of radish leaves une to treatments was obseryed, with walnes
ranging from 0.62 per cent to uU.66 per cent. iiighest value was

recorded im i_ an T9 treatments and lowest wvulwe in 1, and T

8 1 2
treatmentss, The DMR test incicated that only ’I‘B and 'I9 treat-

ments were significamly different from all other treatments.

inere was no differenoce between 'Il an: Tz; TS and T‘; TS ang TG’

and TS and '17 treatoents.

b) lhesphorus: The phosphorus content of radish le-ves
dif fered signific.mtly due to treatments and the values ranced
from 0.06 to U.08 per cent with x highest walnce in '17. Tsand

9 treatments and lowest value in Tl’ '1‘2, TB anu ‘I4 treatments.

fyom DMR test it was clear that T’I' TB and '1'9 treatnents were

signific-ntly superior to all other treatments. There was ne

significant difference between Tl' T2. T

and '14; T. and T

3 5 6
and 47, tg anc 1y treatments. Tq, Ig and Ig treatments were

founa to be superior couparea to '1-1 to 16 treatme nts.



iable 5: offect of sul hur and potassium aprlication on the nutrient contents and gnality
parancters of r adish leaves

Mutr ient c ontents ‘ Qnaﬁlity rarave ters

Treatrents .
Nitrogen Ihnosphorus rotassiim Calcium Magnesinms Sulphur Iroteins Vitamin C
: i v % e

p # # P % Me/100 g
Tl 8, Kl G.0la 0.0ca C.0% 0.30 v.20 0.%35a 3.87a 10.0%
1, S, &, U.va U.0ba v.U5 0.30 0.20 0.35a 3.89a 11.25
T3 S K, 0.63b ¢.06a 0.05 0.31 0.20 0.35a 3.93ab 11.8%
Ty Sy Ky U.63k 0.06a 0.05 .31 ¢.20 0.36b 3.95ab 11.85
T5 Sl “'2 O.b64c v.07p 0.06 0.32 0.21 C.36b 4.00bo 16.20
'1:6 8 L’ 0.64c v.07% G.06 0.32 0.21 2.36b 4.02bo 18.30
'1’7 32 x(l G.054 0.08¢ .06 G.3%2 C.23 0.37¢ 4.06ed 18.90
Tg Sp £ 0.664 0.08q 0.06 0.33 0.21 0.37¢ 4.144 22,52
Tg .‘:32 K, 0.66d 0.08¢ 0.06 0.33 0.21 0.%37¢ 4.144 26.87
F.test - *a b NS NS »e *x N3

lote: same princiiple, as explained in Appendix 11 is followed in zgivins notatiomrs

ts
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¢) totassivms There was no significant differemce in
potassiun content of radish leaves dve to treatments. The
values ranged from 0G.0% to U.U6 per cent with the lower
value recorded in '*1 to '14_ treatments ana the higher valune

by other treatuwents.

d) Calcium: Sulphur and potassimm applic ation did not
produce amy significant cifference, dve to treatments, in the
ealcivm content of racish leaves. The values ranged from
V.30 to V.33 per cent, with highest valne recorded by Ta and
'19 treatnents and lowest by 1; and 12 treatmentsa.

d) Magnesium: Tne magnesiim gontent of racish leaves
also diu not cviffer signific.ntly due to treatments. liere
also as in potassium 11. ‘i2. 13 and ‘1‘4 have recordec 0.20
per cent walue and ‘1'5. Tgs 17, TB and '19 have recorded 0.2l per-

cent value.

f) Sulphyr: Significant difference in the sulphur con-
tent of radish leaves due to treatments was observed. Highest
value (V.37 per ccnt) was recor ded by T,,. ‘1'8 anc '].9 treztments
and lowest value (0.35 per ccnt) by 11. '12 and 13 treatments.
An increase in the concentration of sul_hur was otserved with
an increase in the guantity of sulphur applied. The [4R test
indicated that '17, 'l?8 anu '19 treatments were sigznificantly
different frou all other treatments. There was no significant
difference between '11. i, ana '13; T, an. TB' T‘, 1‘5 and Tg and

y ) 4 . o .
15 and 6 treatnents
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B) guality larameters

@) Protein: The protein content of radish leaves also
differed significantly cue to treatments, with values rang-
ing from 3.87 to 4.14 per cent, the lowest value was recorded
in Tl and highcat value Yy T8 and Tg treatments. From the DMR
test, it is clear that only TB and Tg treatments were signifi-
cantly different from all other treatments. There was no signi=-
fieunt difference tetween Tl' 1‘2, T
13, 14, T

3 anc 1‘; T2, T3 and T‘ i

5 ana ‘1’6 '] T5 and 'I’6 and '.1’6 and T7 treatments.

b) Vitanin 'C's There was no significant differemce in
the Vitamin 'C!' ocontent of radish leaves. The valuves ranged
trom 10,05 mg/liU g in I, treatment to 26.87 mg/100 g in T9
treutment. lhere was a progressive inorease in the Vitamin ¢

oontent of leaves due to sulphur and potassiwvnm aprlications.

4.05, nffect of application of sulphur and potassium
o h ontents &bdd qna azeter s

of garrot
A) Nutrient “ontent of cvarrot

The effect of sulrhur and potassium epplication on the

nutrient content of sarrot is presented in Table 6.

&) Nityo:en: Significant difference m in nitrogen con-
tent of carrot, as a res»wlt of treatments was observed. The
highest value (V.21 per cent) was obtaimed in T9 and lowest
valve (U.17 per qent)} in Tl treatuents. Only Tg treatment vas
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Table 6t Zffect of snlphur and potassium application
on the nutrient gontent of carrot

Fhoz~ lota- Magne-
lreatzents  Nitrogen [, . gaqun C8lolum gyp Sn;phur
* % & A %
Tl 8, Kl V.lTa 0.37 0.30 0.38a 0,20 0.21a
T, 55 K, 0.186  0.37 0.31  0.38a .20 0.2l
Ty 5 Ky O.19¢  ©0.37 0.32 0.3% 0.21  0.21a
T, 5, K& 0.180  0.37 0.32 0.3% 0.2 0.2
1,5, K, 0.19¢  0.37 0.33  0.400 0O.21 .22
Te 51 Ky 0.204 0.38 ©.33 0.40c 0.22 0.2%v
Ty S, K 0.19¢ 0.38 0.34  0.400 0.22  0.2%
Tg 5, K, G.20d  0.38 0.35 0.41d 0.22 0.230
Tg 5, Ky G.21¢  0.39 0.35  0.41d (.22  0.2%
F.test * NS NS e s we

Note: Same principle, as exvlairned in Appendix Il
is followed in giving notations.



found to be significantly different from all other treatments.
Compared to 1'1 all other treatments are found to be signifi-

cantly different. Compared to 'Iz and 4, the treatment effecots

4

founu to be significantly different are T !5,'27, TG' Ta and

3'
. O T ‘ i ' - -

T9 vompared to 3! 15 and 1 treatoents TG’ Ta amnd '.Ig are

founu to be significamly different. Tg alone is significamly

shperior oonyared to ’I6 and TB treatments.

b) rhosphorus: The phosphorus econtent of carrot does not
show & signif icunt uifference dne to treatments. The highest
valye of (.39 per cent is found in T9 and lowest valve of (.37
per cent is found in treatments T, to T5. Treatments ’1'6. T.,

and B8 reca ded the same phosphoruvs percentage of 0.38.

o) Fotassinm: In o ase of potassinm content also the diffe
rence aue to treatments was not significant. The valuwea ranged
from (.30 to 0.35 per cent with the lowest value recorded by
'i'.1 and the highest by TB and ‘i'g treatments.

d) Calolum: The caleimm ocontent of ¢ xrot differed s&igni-
ficuntly due to treatnents. 1he values ranged from 0.38 te 0.41
per cent with highest valve in I ang '19 and lowest valve in
Tl and 4, treatments. The DMR test indicated that omly Tg
treatnent was significantly » different from all other treut-
ments. lhere was no significant di fference between Tlanc‘ T2,

) . n . -~ ,
and 1‘; .Ls, L‘ ano ;5 and 5 16' ’17 and Ta treztments.

10 1y



8) idagnesium: lhere was no significant difference in the
magnesinm content of carrot .ue to treutments. 0.20 per cent
magnesium was recorded in ’11 and r12, V.21 per cent in '1', ’ 'I"
and T5 treatments and a slightly higher value of 0.22 per gcnt

by 16! 17! ia and 19 treatments.

f) Sulphus Significant ¢ifference in the sulphur content
of carrot we to tr;atments vas observed.The valnes rangejfrom
Vedl per cent to 0.23 per cgent with highest value in TT, TB and
Ig treatnents and lowest in I,, T2 and ¥ T,treatments. From the
LM test it was quite olear that I, Ig an: 19 treatments are
significamtly different from all other treatments. There was

no significant difference between T,, T, and T ; T, and T

3 3}

‘1", T5 and ¢ , and g and ‘g treatments.

B) yualjty Farancters

The changes in the quality parameters of carrot duwe to

anlphur and potassium aprlication are presenteu in Table 7.

&) Protein: The protein conteant of carrot Jif fered s igni.
ficantly due to treatments, with the walues ranging from 1.07 to
1.31 per ocent. Loweat value was recorded in '1?1 treatue nt and
highest valye in ’19 treatment. 1he DMR test has indicated that
only 'fg trestment was found to be significantly superior to

1‘1. '1‘2. T,y IT. and T7 troatmenta. There was no significant

4’ 75
difference among 11, '1‘2. T“, 1‘5 ana 'I‘?; T2. T4, T‘i’ ‘r.rand T’;



Iable 7: sffect of sulphur and potassimm applicatiom
on the quality parametere of Carrot

Proteins Vitanin Crude- /@Gar otene

ireatments » 'C* mg/  fivre mg/100 g
100 g %
Tl Sq Kl 1.07a 1.88a 0.99 %.26a
T, Sy K, l.12abp 2.10p 1.00 4.41b
'13 ¢ Ky 1.21bed 2.40 ¢ 1.02 5.560
'1‘4 .E‘n1 Kl 1.1%ab 2.430 1.03 5.654
T, S, K, l.d8abe  2.47ed 1,03 5.98e¢
Tﬁ Sl 1.2504 2.5204 1.03 6.97¢
T, S, K  l.18abc  2.60ed 1.03 7.24g
TB 82 K2 1.25cd 2.62¢d 1.03% T.94h
‘I9 82 K3 1.314d 2.70¢ 1.07 8.614
¥F.test e i NS e

Note: Same yprinciple as explained in Appendix 11
is followed in givirg notidations.
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TS' '17, T_’. TG anaG TB i Tos '13, TG and Ta; T,, 'Zl‘6 and T, and T,
sna 'ilg treatzents. As per ANOVA test significant dif ference in
the protein gontent of carrot roots was obtained duwe to the
applicution of sulyhur and also due to interagtion between
these two mutrient elements. lThere was no effect by potassimm

alone.

v) Vitamin C: ‘There was significant ol fference in the
asoorbic content of cwrot, and the valves ranged from 1.88 mg/
100 g to 2.70 mg/1UC g with highest value in Tg treatment and
lowest value in '1‘1 treatcent. ThelMR test indiguted that there
vas a significantly increusing differeme between 'Il treatment
and all other treatments and T, and other treatments. Signi-

figently inoreasing cifference between 1_ and 19 and T, and T

b 4 9
treatuents was observed. The other treatients «id not differ
significatly. T hus T9 can be said to be superior to 'I‘l, 'Iz, '1”3

and T‘.

Subjected to ANUVA test, it is observed that aprplic at fon
of sulyhur and potassinm individually ond significantly in-
creased the Vitauin 'C' content of oarrot. Significant
differenoces in the Vitamin 'C' content of carrot due to inter-

aotion effect also was observed.

¢) grude filxe: [0 significant difference in the crude
fivre content of carrot was observed. The highest valme

(1.07 per oent, was recorded by 'I'g treataent and lowest valne
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(0.99 per cent) was recorded by 11 treatment.

a) ! é' varotene . Significant differenoe in the ﬂacuotem

gontert of carrot dve to treatments was observed. The valuee

rangd from 3.26 =g/100 g in 1, to 8.61 mg/100 g in T,. The

fa-cuotenc content of carrot increased with iporease 3:: the
quantity of 5 and K applied. From DMR test it is alear that
only 'r9 treatment was found to be el gnificuantly super ior te
all other treatments. As per ANOVA test ﬁ-Cuotene content
of oarrot roots differed significantly due to both sulphur

and akwe potassium ap;lic -tion., Significant differeme was

obtained due to interaction effect also.

A) Raaish klot

The ohanges in the physicul and chemical properties of

80il of radish plot due to treatmenmts is presented in Tadble 8.

a) pH
1) .oil sampies from O to 2<Z.5¢cm epth: Significant
difference in the pi wvalwes 0of 80il due to treatments wvas

observed, with values ranging from 6.0 in TT' Ts and '1‘9

1! 12 and '13 treatment plots.

‘he DMR test indicated that gy Tgand Tg treatments signi-

treatoent pl ts to v.2 in i

figcantly differed from tne rest. It also indicated that

treatments 1,, T_ anad 'I6 aignificantly differed from Tl’ '1"2

4 5



Table 81 iffect of Sulphur and rotassiuvm applic:tion on the Thysical und Chemicel Iroperties of the Soil from
kadish Ilot

ulegtrical

Sulphur

i sonemtin 0r gania e g Cigma meio0  merioos ;
Treatments :;tit“;gfg/ % g soil soil
A B A B A B A B A B A B A B A B A B
Tl SO Kl 6.2 6.10 0.20 0.20 0.70 0.69 321.80 3¢1.80 19.65 8.47 319.5 159.8 6.8 6.2 0.40 (.40 0.0039 0.00%%
T2 -SO KZ 6.2 6.10 G.20 0.20 V.71 0.68 321.7% 321.75 19.65 8.47 320.7 160.4 6.8 6.2 0.40 0.40 0.0040 0.00%5
T3 SO KS 6.2 b.1lU 0.20 0.20 C.71 0.69 321.70 321.70 19.67 8.47 321.3 160.7 6.8 6.2 0.40 0.40 0.0040 0.0038
T4 S1 Kl b.l 6.10 0.19 0.20 .71 0.e8 320,70 320.70 19.67 8.49 320.7 160.0 6.8 6.2 0.41 0.40 0.0041 0.0035
T5 S1 K2 6.1 ©.10 V.19 V.19 0770 LV.69 320.59 320.65 19.68 8.49 321.% 160.7 6.8 6.2 0.41 0©.40 0.0041 0.00%6
TG Sl K3 6.1 6.10 0.19 V.19 V.71 v.68 320.60 320.60 19.69 8.49 321.5 160.9 6.8 6.2 0.41 0.40 0.0042 0.00%6
T7 5, Kl 6.0  6.10 0.18 LVelY 0.7T1 0.68 319.50 319.50 19.66 B8.49 320.7 160.% 6.8 6.2 ©C.42 0.40 0.004% 0.00%6
TB 32 KE 6.0 6.03 0.18 Vel C.TV 0.69 319.00 319.00 19.66 8.49 321.% 1l60.8 5.8 6.2 0.42 0.40 0,004% 0.00%6
Tg 82 K3 6.0 6.07 0.17 V.l V.71 V.08 318.50 3%18.50 19.69 8.49 3:1.7 160.9 6.8 6.2 0.42 (.40 0.C044 0.0036
F.Test . as NS » Ns NS . » s » » *» NS NS RS NS RS =
Note ¢ A= O to 22.5 om; B = 2.5 to 45 o
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and I, treatuenta. There was no significant dif ference among

3
by i - 1 1 : 1 : R
T 12 and *5 ; 4 and 1oy and 79 TB an 19 treatments

1’ a5

11) sei) depth 22.5 to 45.0 aus: There was no signifi-

oant difference betwecn treutuments duwe to sulphur and peta-
ssinm applicationg. i‘he values recorded shows that pil was
6,03 in TG' 0.07 1in '19 and in all other plots it was 6.l.

b) klectricul condugtivity

i) Soil depth O to 27.5 oms: lhere was no signific-nt

aifference dnue to treatments. 'I‘9 plot recorded 0.17 m.mhos/em;
1y and ‘g plots have recorced0.18 m.mhos/on; T4; T,,. and ‘16
plots have recorded 0.19 m.mhos/om and I,, 1, am T3 plots

huve regorded (.20 m.mhos/am.

41) Soil depth 22.5 to 45.0 oma: Significant difference

in &.C. values was observed with values ranging from 0.20 mmhos/

€

_, ) 1
em in '11, i, and T, plots; 0.19 mmhos/om im T‘, TS' TG' 7 and
Ig plots and 0.18 mmhos/em in only T9 plot. DMR test has re-
vealed that 11. T, and *3 are same and the rest of the treat-
ments are signif icanmtly different. Signrnifigantly lower value

was observed in treatment TQ oompared to all other treatments.

o) Organic catbon

1) Seil depth G to 22.5 emg: There was no significant

giffercmoe in the organic oabon content of soil dne to treat-

ments. higher walue of (.71 per gent was regorded in 1’2, ‘13 ’
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'14, 16’ T7 and 19 plots and lower valne of O.70 per cent vas
regorded in 'Il. '1‘5 and '18 plots.

i1) Soil depth 2:.5 to 45 amg: There was no signific:mt

uifferences in organic carbon content at this depth also dve
to treatuents. U.68 per cent U.C. was recorded in 12, 'T4’ T
'1‘7 and '*9 treatment plots anurest of the plots recorded
0.69 per cent.

d) ditrogen

1) So0il depth U to 2:.5 om: There was significamt diffe-

reme 1o the nitro en content cf soil and the valwes ranged
from 318.50 kg/ha in Tg plot to 321.80 kg/ha in T, plot. A
decrease in the nitromsn content of the soll with imreasc in
sulghur and potacsh applioation was observed. The DM test in-
digated that only 39 vas significantly lower thanm zll other
treatments. There was no significamt difference botween '1‘1
and T2; T2 and TB; T¢ and Ts; T5 and '16 and among TG’ 'I’., and

T treatuents.

8
i1i) Soil depth 2<.5 to 45 om: liere also significunt

diff«rence dve to tre.tments was Observed and followed a
similar treud like that of U to 22.5 om depth soil. The sane

values were recorded here also.

®) phosphorus
1) “0ii decth O to 22.5 em: There was no significant

difference in the phosphorus agontent of soil due to treatments.
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ine values ranged from 13.65 to 19.69 kg/ha in T, end ’*9
treatuents respectively.

11) Soil derth 42.5 to 45 cmais At this depth & signi-

ficant difference in the phosphorus content of soil was
observed with values ranging frou 8.47 kg/ha in 1, tre.:ment
to 8.49 kg/ha in ’1'9 treatment. From DiR test it is quite
clear that except 1'1. Tz and 1‘3 treatmeats in all other
freutments significantly higher values are recorded.

£} Potassinz

1) Soil depth U to 22.5 oem: Significant difference in

the potassium gontent of the soil dne to the treatments was
observed. The values ranged from 319.5 kg/ha in 'Il treatment
to 321.7 kg/ha in T, treatwent. The DMK test indieated that
all other treatments were signiflica tly higher compared to

T, treatment only.

1i) ~0il depth 2<.5 to 45 gm: “ere also there vas simi-

ficant uifference in the potassium content of the soil.The
values ranged fra. 159.8 kg/ha in Tl treatzent 4o 160.9 kg/ha
and T, treat-

6 9
meuts were significatly nigher than all othea treatments.

in ‘lg treament. From L.k test it is olear that 1

lhere was no significant difference between '11. T4and ’i‘., troat-

ments; 1'7 am ‘*2 treatzents and among T, '1'5, T, and Tg treut-

5
ne nts.



 8) Exchengeatle calciwm

1) Seil depth O to 22.5 gm: ihere was no significant

dif ference between treatments. All the treutments have re~
corded the same valuve of 6.8 me/l100 g soil.

i1) Soil depth 22.5 to m: Here also there wus no
signif icant difference due to treatments. All treatments huve
recorded the sawme valune (6.2 me/lU0 g soil) and was slightly
less than in O to 22.5 om depth.

h) Exchangeable Magnesiwm

1) Soil depth 0 to 22.5 oms The exchangeatle magne-
sivm oontent of s0il aid not differ signific.ntly dve to

treatments. The values ranged from 0.40 meq/100 g soil in 11.

12 and '.'!.‘3 treatments to 0.42 meq/100 g s0il in treatments
T1s Te and 19. Treatments T, T5 and T, have recorded 0.41

meq/100 g moil.

ii) Seil depth 22.5 to 45 om: kHere also there was no
sigpificunt differency between tre:tments. bzrs b1

treatments have recorded the same valve (0.4C meq/100 g soil).

i) Ayuilable sulphur
1) Soil depth U to 22.5 om: There was no significeant

differeme in the awailsble snlihur gontent of s0il due to

treatuwents. The lowest valne ﬁf of 0.00%9 per cent was recorded



by T]. and higheat walve of 0.0044 per ocent ny T? treatnents.

11) 504l depth 22.5 to 45 gm: iere also tharq\val no signi-

ficant differemnce betweon treatmnts. '11 trestnent recorded

0.0U34 per oent and TH treutnent recorcved (.0036 per ogent.

4.07. B) Lffect of sulphur and rotassium aprlic ation on the
phyeical and chemical properties of soil pertaining to Carrot
plot are presented in lable 9,

&) pit

1) Seil derth O to 22.5 gut 7The ph of the soil differed
significantly due to treatments.The values ranged from 6.0 in

. . _ 17} '.I. .
T.,. 18 and 19 treatments to 6.2 in 11. 1, and 3 treatments
ine LMk test revealed that treatments o Tg and ‘19 were signi-
ficantly lower than all other treutments. Ireatments T‘ to T9
were significantly lower oompared I,, T, anc T, o Treatnents

ly to ‘1"9 were signifixmuntly lower tham other treatments.

11) Soil depth 22.5 to 45 oms: Ihere was no significant

difference in pH values of sofl at this depth, due to treat-
ments. pi value of 6.03 was recorded in Ty 6.07 1in 19 and 6.1

in all other treatments.

b) blegtricul conductivity
The elestr ical conductivity of the soil in O to 2:.5 om

depth did not aiffer significuntly due to treatments. The walnes
ranged from 0.17 m.mhos/om in 1’9 to 0.20 m.mhos/om in 1 T,
and Tﬂ treatzents.
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Table 9: Lffect of sulphur and Fotassium application on the Fhysical and Chemical Properties of the Soil from Carrot Tlot

63

Magnes imm

Snlohny

Llectriocal Or ganic Nitrogen FPhosphorus fotassium Calc imm
pH conductivity carbon kg/ha ks/ha kg/ha me/100 g me/100 g soil %
Treatue nts mmhgg(ﬁm at s soil

A B A B A B A ] A B A B A B A B A B
Tl. 8 k3 6.2 6.1 0.20 C.2 0.71 0.68 321.67 321.70 1J.59 6.48 319.5% 159.8 6.8 6.2 0.40 0.40 0.0035 0,0034
T, S K, 6.¢ 6.1 0.20 0.20 0.71 0.68 321.62 321.62 19.61 8.49 326C.7 160.4 6.8 6.2 0.40 0.40 0.0040 0.003s
T3 Sg l{3 bed 6.1 0.20 G.zgU G.71 U.68 321.60 321.60 19.62 8.50 321.3 16C.7 6.8 6.2 0.40 0.40 0.0040 0.0035
T, 5 & 6.1 6.1 0.19 ¢©.19 0.71 0.68 321.50 321.55 19.60 8.50 321.0 160.0 6.8 6.2 0.41 0.40 0.0041 0.00%5
Ts 5 K2 6.1 6.1 0.19 0.1y 0.70 0.68 321.48 321.50 13.61 B.52 321.3 160.7 6.8 6.2 C.41 0.40 0.0041 0.00%6
Tg S1 Ki 6.1 6.1 0.19 0.19 C.71 0.68 321.4T7 321.47 19.6c 8.53 321.5 160.9 6.8 6.2 0.41 0.40 0.0042 0.00%6
'.[’7 82 K 1 o.D 0.1 0.18 0.19 0.79 0.68 321.35 321.37 19.61 8.51 320.7 160.3 6.8 6.2 0.42 0.40 0.004%3 O.00%6
TB 52 K2 v.G 6.0 v.18 v.l9 0.71 v.68 321.32 321l.335 1lv.€2 8B.52 221.5 160.8 6.8 6.2 0.42 G.40 0.0043 0.00%6
Tg Sz K3 6.0 6.07 0.17 0.18 0.71 0C.68 321.30 321.30 19.6% 8.53% 321.7 160.§ ©.8 6e2 0.42 0.40 0.0044 0.0036

F.Test » NS NS » NS NS * » s » b A NS N3 N3 NS NS e

Note & = O to 2.5 omj B = 22,5 to 45 on
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In the solil depth of 2<.5 to 45 om the electrical con-
ductivity has shown a significant differenoce due to treat-
ments. ihe values recar ded ranged from 0.18 mmhos/em in Tq
1’ 12 and Tstreatments. All
other treatments have recor ded U.19 mmhos/om. IMR test has

treatuent to ¢.20 mmhos/om in I

indig ated that only T9 treatment was signific-ntly lower than
frow all other treatments.

¢) Lggznic Carbon
1) At O to 22.5 cm depth there was no significant di ffe-
rence dve to tre.tment. The values ranged from U.70 per cent

in ‘1‘5 anu '17 45 v.m1 per cent in a&ll other treatments.

11) At 22.5 to 45 om depth also there was no signifiocant
difference due to treatments. in this case all treatments have

recorded the same organio carbon content of (.68 per cernt.

d) Ayailable nitrogen

1) it O to 2445 om depth significant difference in the
avalluble nitrogen content of the soil, due to treutuments,
vas observed. ine wvalues ranged from 321.3v kg/ha in T9 to
321.67 kg/ha in i, treatment. In this case al= the nitrogen
content of the =il decreased with inomease in sulphnr and
potassium arplicationg. The DMR test indicated that onmly TB
and 'Ig were significantly lower than all other treatmemts.
ihere was no aifferenge among 11. 12 and '1‘3 PR ‘15, T4,
and ig4 ’l‘:, 1g g ano i, treatnents and between 1. and T,
treatments.
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i1) At 22.5 to 45 om depth also, significant difference
due to treatments was obscrved. The valnes recorded ranged
from 321.30 kg/ha in 1g to 321.70 kg/nha in 11’ Here alsc the
same trend of decrease in nitrogen content of the soil with
inore=se of snulphur and potassium application was obscrved.
 LMR test revealed that only T9 treataent was signific untly
lover than all other treatmentz. Theres was no differeme
among '.11, Tz, 3’3 and '1“; '.1'2, TE' T‘ and '.ts, TB' '1", 15 and

' - P | 1 ¢ 1 - .
16, 1‘, '1'5 and TG } 15. eund 7and TG’ 7 and TB treatments

e ) Ayailatle ghosphorus

i, 4t O to <2.5 om Jepth, there was no significunt difie-;
rence due to treatuents, in avallatle phosphorns content of
s80il.ine valves ranged from 19.59 kg/ha in Tl plot to 19.63
kg/ha in 1’9 plote.

i1 At 22.5 to 45 cm vepth,significant difference of
avail atle phospiiorus content of the so0il, due to treatments
was observed. The valunes rangec from 8.48 kg/ha in ’Il to B8.53
kg/ha inl. ané 1'9 treatments. LR test indicated that T, amd
Tg were significantly higher than Tl' T2. T5 and T4 treatments.
There was no difference in treatments T,, '12, '15 an d 1‘ « There
was significamt difference in ‘17. Ts, Tgs T @nd ‘1‘9 compared to
I,4 '1‘5. Tge 1, ang 19 cempared to 1,; T, and Ty compared to

4 . . 1 4 "
13 and 'r‘ The differences among T7° '15, TB' Ts and 1. were not

9
significant among themselves.



71

£) sxohangesable potassium

1) At O to 22.5 em depth, the exchangeable potasaiwm
content of soil differed significantly due to treatments and
the valucm ranged from 319.5 kg/ha in T, to 321.7 kg/ha in
ig. ihe IMR test incicmted that except i, and T., treatmenta
a1l other treatments were significantly higher in wvaluve com-
pared to Tl' All other treatwents did not show significant

di ffere mes mmong themsclves.

14) At 22.5 to 45 om depth also significant difference
was observed. The valnes ranged from 159.8 kg/ha in I, to
160.9 kg/ha in I, treatment. Frem DMR test it is quite olear
that only '16 ana 19 treatnents were significantly higher than

other treatments. There was no differeme among '1'1, 1 and

4

1’7; 'I“. ’17 and '12; I, 1,1, 7 and TB treatunents. T and T9

7 2 3 3
treatsents were significantly different from all other treat-

zents.

8) Exchangesble gal civm

1) At 0 to 22.5 om depth, no significant difference

in the exchangeable galcium content of the soil,duve to
treatunents vas observed. All treutments recorded the same
value of 6.8 meq/1lWU g.

i) At 22.5 to 45 om depth also, no significant diffe-
reme was observed &s in the first depth. The valve recorded
vas 6.2 meq/l0u g, slightly less than the first depth and was

the same for all treatments.
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h) cxehangeuble iiagnesium

1) At O te 22.5 cm depth the exchangeable magnesiunm
gontent of the soil 4id mot differ significantly dwe to
treatments. lhe values recorded ranged from 0.40 meq/100 g
in T,y 1, and 13 plots to 0.41 meq/100 g in Tyr '15 anc ¥

2 6

plots and 0.42 meq/1U0 ¢ in ‘1’7, Ty end Tg plots.

11) At 22.5 to 45 cm depth also there was no difference
in exchangezble magmesivm content of soil, duwe to treatrments.
All the treatments have recorded the same walue of (.40 meq/
100 g.

i) Availatle sulphur

1) At 0 to 22.5 on depth the availabdle sulphur oontent
0f the soil did not differ signific amtly duve to treatménts.
ihe values recorded range from 0.0039 per sent in T, to C.0044
per cent in Ty treatment. Ireatments T, and 13 have recar ded
V.0040 per oenty, I, and T_ have recorded 0.0041 per cent,

4 5

':l‘6 has shown 0.0042 per cent and T7 and TB have shown 0.0043%

per oent,

$11) At 22.5 to 45 om depth also there was no significant
difference in available sulphur content of the soil, dus to
treatments. 1he highest value recorded was (.003%6 per cent in
T_ to :‘9 treatcents ani lowest wlue was 0.0034 per cent in

5

T, treatment, while ‘12. 13 and '-1'4 have recorded 0.0035 per cent,
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CHAPTER V

DISCUSSION

Sulphur fertilisationm is known to improwve crop guality.
Under gertain conditions they are infaot more important to

the growers than the inoreused yields.

With the objeotiwe of investigating the optimum level
of aprlication of snlphur and potassium on the yield of
radish and garrot and to determine the effect of these
sutriemts on the quality parameters of the orops and the
properties of the soil, investigations were cgarried out
with two orops at the Distriot tiorticultural Farm, Tvmkur,
dur ing the kharif season of 1978.

5.01s physical and Cheuical Proverties of the Soil

The s0il on which ihe experiments were conduncted was
Ted 0layey having more than 40 per cent clay at both the dcpths.
The so0il was slightly seidic and the salt content was wvery
low. ihe CEC of the soil wvas moderate. The mtrient status
of the so0il was moderate to poor. The available sulphur
status of the s0il was fair at U.U035 to (.0042 per cent.

5.02. Response of radish and caryot orops to sulrchur
apd potassium applicationy

There are many reports in the literature to suggest
the significant response of orors to sulphur under diffe-
rent conditions. In the present stud, significant diffe-

renceas in the yield of radish and oarrot was obtained due
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to sulphnr and potassium applications which has been clearly
depioted in figure 2. Addition of sulphur at 10 prm and
potassivm at 75 kg/hectare (19 treatment ) produced the highest
yield. Lowest yield was obtained in lltreatmant where in, no
sulphur was applied and potassiom wasA applied at the rate of
37.5 k. /ha. dizhtly better yields were obtained in treat-

nents where sulphur was aprlied ut the rate of 5 prm.

Aggording to Kanwar (1263) soils ocontaining sulphur
less than 15 ppm are rated as deficient, npto 15 pmm as medinm
and if above 15 pym a8 good. liuhr et al. (1963) classified
80ils with respect to potassivm as low, medium and high if
they cortain less than 140 kg K,0 /ha, 140 to 336 kg/ha and
more then 336 kz/ha. As the soils of Tumkur fall under medium
to poor category, significunt response in the yield of crops

to sulphur and potassium appligation was observed.

Harward et al. (1962) reported that there is & close
rolation—ihip between snlihur uptake and yield of dry matter.
Conrad (1950) and vohn (1350) showed that application of
sulphur results in doubling the yield of some of the legumes.
Chorra and Kanwar (1966 ) noticed signifisant higher yields
in groundnut by the aprlication of sulphur with nitrogen
phosihorus and potash. rMuthuswamy and Mnthukrishnan (1571)
observed that the fresh weight of radish roote inoreased dne
to phosphorus and otash applications. (A_@gkh et al.{(1977)



observed that the applioat ion of sulphvr at the rate of 2%

to 50 kg/ha ms gypsmm increased yield of potato tubers.
Somasekhar (1980U) rerorted that in osse of Knolkhol, nitro:en
at 2&5 ke/ha and sulphur at 25 kg/ha will result in maximum dry

weight of plant, percentage dry matter and yield per hectare.

In the present experiment also, a general trend of
increcge in the yield of radish and carrot with increazase in
the cdose of snlphur and potessium was observed, and sulphur
application aloug with potassium favoured the inorease in

size of the roots.

5.03. Changes in the nutrient congentyation and guality

meters of radish anc garrot crors due to sulrhy

i) Hutzient comcentration ofradish roots

The congentration of any constituwent, especially in-
organic elexents in plants is not constant under variabdle
mitritional ané envir cmaental conditions. Sulphus fertiliza-
tion is known to oreate favouratle effects for the absorption
of nutrient elezenis duve to the action of acid produged by

the added sulphur.

In the present stuay it cen be scen that there has been
& Bignifioant increase in the nitrogen content of radish roots.
Application of sulphur with potassivm inecreased the nitrogen
content of roots and leaves. Availability of sufficient sulphur
usnally reslts in the increased protein synthesis by the
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utilization of more and core of synthecised sarbohydrates by
vay of sufficient availatle snlphur. Aulakh gt al. (1977)
observed that in potato tubers the ocontent of protein sulphur,
total soluble sulphnr and total nitrogen imoreased with in-
oreased application of sulphur.

Pathak and bharadwaj (1968) notioed higher contents of
sulphur, phosphorus, caloium and magnesinm in berseem plants
with sulpbhur treatwent. Dhillon anu “ev (1978 )r erortec that
sulphur uptake by soyabean increased with iroreasing levels
of sulphur. The utiligation of applied sulphur decreased when
the dose vas raised to 20 ppm of sulphur.

li. the present experiment also, there is a significant
incresse in the phosphorus, ¢aloiwm and sulphnur contents of
roots but the gontent of phosphorus and ¢alcium was not -1@1;
fio=ntly different due to treatments. All the 3 mutrients
phosphorvs,caloivam and solphur behaved quite wniformly, that
highest concentration ¢f these nutrients was observed in the
case of Tg treatment, where both svlphur and potassium were
applied at highest dose and the lowest value was obtained in
'.l'1 treatn ¢nt wnere aulphur was U prm and potassimm was 37.5 kg/

ha. Yo signific amt difference in the potassivm an¢ calcium

content of radish was observed.

11) guality parumeters of radish roots
4ll the quality parameters like protein, Vitamin 'Q!

andé pungency except crude fibre content of radish roots



differed significamly dne to treatments, An increase in the
protein, Vitamin 'C' and pungency of radish roots due to in-
creased application of sulphur and potassium was observed and
is depicted in Fig.3.

The redwtion in the protein content of sulphnr defi-
cient plants has been reported ty unbe and iMisra, (1969). The
main reason for less protein appears to bte due to the redm;
tion in the rate of protein synthesis of young rrowing leaves,

res:lting in the de;ression of yield contrituting factors.

Beaton et al.(1971) adduoed that sulphur fertilization
increases the protein content of plants as proteins contained
sulphur. Flants need sulphur te synthesize protein and when
adequutely supplied with sulphur, will contain more proteims
than plants without adequate sulphur, In the present study
highest protein was acocumulated in CI?9 treatment where toth
sulphur and potassium were apriied in adequate amounts. On
the other hand least protein acocwmulation was observed in Tl
treatoent where there was no addition of sulphur. Dube and
Misra (1969) reported that sulphur deficicney reduced the
growth of plants, yield, quality and protein content of the
seeds in peas, Blackgram and Groundmut. Somasekhar (1980)
rerorted that the quality parametre of the stem tuber
(anolkhol ) such as asgorbic acid, erude protein, ash gontent

and pitrogen content of the leaves were most favaonrably
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influenced by the highest levels of nitrogen at 225 kf/ha and
sulphur at 25 kg/hestare. Though the crude fibre content of
the z roots did not differ significamly, eppreciable in-
orease in the orudefibre content was otserved in Tg treatment

compared to 'I'1 treatment.

The ascorbic aoid content (Vitamin C) of radish roots
differed significantly due to treatments. Vitamin C con-
tent of the roots varied with the amount of sulphur enrplied
and the highest ascorbvic «id content was obssrved in T9 treat;
ment and lowest in T, trcatzment. Sharme et al.(1976) reported
that the sulpyhate present in potassium snlphate increased the
ascorbio acid gontent by 2.7 mg/100 g of fresh weight of
potato tniers.

ihe pungency of radish roots measwred in terus of per-;
gentage of allyl-iso-thicoyanate differed aignificantly due
to treatments &and the wvalues ranged from 0.18 to 1.13 per cent.
dhis eclearly indicated that the peraentage of anyl;io-:

thiocyanate accumulation m is directly proportional to the
quantity of sulphur emd potassum applied.

Misra and Keshavaprasad (1966) reportec that sulphur at
100 pounds per aore inoreased the allyl-propyl-disnlrphide ocon-

tent of onions which is responsitle for the pumgency of oniom.
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141 ) Mtrient concentrution and quality parameters
of radish leaves

Significant differences in the nitrogen, phosphorns,
sulphur and prctein content of radish leaves was observed
due to sulphur and potassium applicationg, bnt the potassimm,
oalo ium and wmagnes ium oontent of the leaves did not show any
significant uifferemce. The inoreased nitrogem and snlphnr
accumul st fon in leaves may be dwe to the absorrtion of more
of these nutrients. 1his has teen made possitle by the creat;
ion of favonratle conditiona for the abesrption of these
clements. i1he increased concentration of snluhmr was tecanse
of the added sulthur. lhe inoreased protein corknt was be-
canse of the added s:lphur. lhe increased protein content was
' pecause of the inareased nptake of the mtrients and the
synthesis of more of cartohydrates by photosynthesis and its

conversion to proteins by variovus metabolie aotivities of the
plants.

Thongh the Vitauin 'C' content of leaves did not differ
significantly, aprreciable increuse in the Vitamin 'C*' ocope
tent of radish roots was ot:erved due to imressed sulpyhnr and

potassivm application.

iv) liytrient congentration of carrot

Significamt increase in the nitrogen, caleivm angd snl-;
Fhur content of carrot due to sulphur and potassivm applioa-:
tiong was obvserved but tiere was no significant difference in
the phosrphorus, potassivm and wagnesium content of the erop.

In all thetreatmemts increage in the mtrient content with
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the increased sulphur amd potassimm applio:ation was obscrved
as in theg ase of rrdish. lhis may be begause of the creation
of favonrable concitioms in the s0il which help in the uptake
of many nutrient elements and due to metter metabolic tctivi;

ties of the plant systom.

v) Quality parsmeters of g érrot

vignif Acant increase in the protein, vitamin 'C' and
ﬁ-c.u-oteno content of carrot with increased applicction of

sulphur anc potassium was observed. There was however, no
significant diiference in the crude fibre content of carrot.

All this has been cleurly derioted in rig.4.

ihe increased /g,- Carotene content of oarrot with ine
creased snulphur and potassium aprlicat :lonﬂ may be becanee of
the role played partiovlarly Yty sulphur in its synthesis and

accumvl et ion.

5.04. Shangesg ih the soil properties dmne to sulphur
and potassinm appligations

1) Radish 0;_pilot
a) 0 _to 2¢.% om deprth: There was significant difference
in the pH valunes of the soil with increase in the gnantity of

sulphur and potassinm applied. This decrease in pH walues may
be due to the conversioen of aprlied sulphur to snlphnriec acid

which increased the hydrogen ion congentration of the soil,
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The electrical conduwotivity value of the soil does not
show any sigpificant 4ifference due to treatments and the
values were less than 0.2 millimhos per om. ihe organic carbon
content of the s0il also did not % differ significantly duwe
to treatuents and the valnes ranged from 0.70 to O.71 per -
cent. ‘here was aignifioant difference in the availavle
nitrogen content of the soil due to treatments. There was a
genearal trend of decreuse in the nitrogen content of the soil
with increuse in the gquantity of sulphwr any potassimm applied,
this may be dve to the enhanoed root growth and metabolie
activit, whioh might have depleted nitrogen from soil.

TIhere was nou significant difiference in the avail:ble
phosyhorus content of the so0il and the values ranged from
19.6% to 19.69 kg/ha. 1he potassium content of the soil
differed significantly due to treatments. There was a gradmal
increase in the potassivm content of the s0il with inorease
in the quantity of potassium aprlied. No significant differemce
in the calcium, magnesium =and sulphnr eontent of the soil

was Observed ave to treatments.

b) 2:.9 to 45.0 em depth: The ph of the so0il did net

aiffer signiiicantly due to treatmemts. liere al:zo a general
treno of decrease in the ph of the ®il with increase in the
quantity of sulphur and potassium aprlied, was observed. In

oase 0i eleatrical e¢onductivitly there was a signif icant
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dif ference due to treat.ents. ihere was nc significant diffe-
rence in the organic carbon content of the so0il and almost

all the treztments recorded the same walne.

The nitrogen content of the soil differed significantly
due to treatments. Here also a negative trend of decre:.se in
the nitrogen content of the soil with inorease in the gqnantity
of sulrhur and potassium applied was otserved. The phoschorns
and potassivm contents of the so0il alm differed significently
due to treatments. The increase in potassinmm content of the sotl
was because of the applied potussimm. There was no signific a:!t
aifiersnce in the exchangeatle calcimm, exchan ﬁeable mR znesimm

and available sulchur content of the s0il due to treatments.

1i) carrot Grop Flot

a) U to 22.5 cm depth: As in the radish rlots here also

there was significant Jifferemce in the pli, availazlde nitrogen
and aveilable potassiym of the s0il, and no significant dsze-;
rence in the electrical conductivity, organic carbon, available
phosphorus, exchangeatie oaloium, exchangeatle magnesimm and
avail able snlphur content of the soil. The treatrent effect

wae alpost similar to that in the soil of the radish plot.

) 2:.5 to 45 om depth: ilere also similar trend of re-

sults were obtained as in the ¢ wse of 30il in radish plots.
i1his way be because of the fact that the plots are adjacent

to eaoh other.
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It has bteen found that when sulphur is aprlied as
elenental sulphvy: or inm snlphate form to the soil there will
be a deorease in moll pH which exerted oonsiderable influence
on the availability of other nutrients (Bertramson et al.,

1554 ).

Bharathsingh and Mahendrasgdingh (1975) reported that
sulphwr availability increused with inoreused levels of
sulphur irrespectivse of its source but decreésed vith in=

oreasing so0il phoagphorus ¢onauntration.

5,05 vonclusions

Based on the results obtained it can be said that the
orops grown in soils around Tmmkur (Lakkanapalya series); will
definitely res;ond to the aprlic:t ién of s»wlphwr and potassium.
It has been found that sulphur at 10 ppm and potassiwm at
75 ka/ba (Tg treatument) has Teaulted in highest yield of both
radish and ¢arrot. An inorease in the nitrogem, rhosphorws and
potassium content of the crops was otserved due to treatments.
‘he quality parameters ( ~protein, Vitamin 'C' and Fungemy)
of radigh signific:ntly increased ty the application of
sulphur and potassium at the rate of 10 ypm and 75 kg/ha in
gombination. 1n a similar manner the quabity parameters of
carrot were also influenced by sulgphur amd potassium appli-
cationg. A gradual increase in the valuss of all the para-
méters were observed with the increased quentities of sulphur

and potassinm applied.
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5.06. ifuture line of work

1) A comirehensive study should be made to0 ascertain
the effect of long term usage of gwl:hur and potassivm aprii-
cations on - (a) the yielo and quality of radish and carrot}
(b) the soil properties; and (o, the residwal effects, if
any, ¢f the aprlied snwlphur on succeeding crope.

2) A detailed study shonld be made to establish and
oclassify, S0ils which are deficient and/or rich in snlphut
and potassium and the yleld response of qro;s grewn on the

soils to the applicution of sulphur axi potassivm.

3 ) Liforts should ve made to work out the economics
of sulphur and potassium applic «tion on the prodnction of

radish am gsarrot.

4) A detailed study should be made with different
sources of sulphnr and potassimm fertilizers and the test

source for theee orops should be arriwd at.

5) Similar respomse studies may te carried out for

other vegetable crozs like onion, potato ete.
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CHAFTER VI

SUMMARY

with the objeotive of invest gating the optinwm level
of sulphur and potassiux aprliocation on the yield of radish

and garrot orops and to determine the effests of these nutri-

ents on the quulity of these vegetables and the properties
of the soil, investigations were carriedout at the Tistrict
Horticultural Farm, Inmkur, uuring the kharif season of 1978.
" The experiment consisted of nine treatments with two levels
of sulphur (5 and 10 ppym) and 3 levels of potassinm (37.5,
56.25 and 75.0 kg/ha) and their combinations. Sulphur was
arplied in the form of Factamrhos and Fotassinm in the form

of muriate of potash, Jach treatment was rerlicated 3 times.

3ignificant increage in the yield of both radish and
garrot was obtained due to sulphur and potassium aprlication.
Ap increasing trend in yield of both the crors with inorease
in the quantity of bvoth sulphur and potassium was observed.
In both the orops highesat yield was obtaimed in Tg treatment
(sulphnr at 10 ppm and potassium at 75 kg/ha) and the lowest
yleld was obtained in Tl treatment where in no sulphur was

aprlied but potassinm was aprlied at 37.5 kg/ha.

Aprlication of sulphur and potassium resnited in a
significant increase in the nitrogen, phosrhorvs, caloiuwm and

sulphur gontent of rauish roots but not those of potussiwm
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andmamai\moontent of the roots. All the quaiity paremeters
like protein,Vitamin 'C' and pungenocy except crude fidre
sontent of radish roots differed significantly duve to treat;
ments. An increase in the quantity of these parameters was
observed with increused application of S and K and highest

valve was observed in 19 treatment.

vignificant cifferences in the nitrogen, phosrhorns,
sulihur aod protein content of radish leaves was observed
but the potassium, oalcium)magnesium and Vitamin *'C? oontqnt
of the leaves did not show any signific ant difference. Tg
treatment (snlphur at 10 ppm and potassiuvm at 75 kg/ha) re-
sulted in highest nitrogen, phosphorua7sr11phzrr and protein

gontent of leaves.

In ease of carrot, significant differences in the
nitrogen,caloium and sulphur gontent dve to svlphwr and
potassium aprlication was observed, but not in o:se of phos-
phorus, rotassium and megnesium content of the erore. An 1n;
orease in the values was observed with increase in the

L)
quantity of m:lphur!applied ag in case of radish.

ihe protein, Vitamin 'C' am P-caxoteno content of carrot
(quality rarumeters) also inoreased significantly with in-
creased applic =t ion of sulthuwr am potassium. However, no
significant cifference in the crude fibre content of garrot

due to treatcents was observed. Tg treatment gave highest



values of protein, Vitamin C and ﬁ'-Caroteno content of carrot

compared to other treatments.

No drastic change in the physico-chemical and ohemigal
propertics of the soil was observed at both the depths (0 to
22.%5 and 22.% to 45.0 om). Yignificant differemces in the rH,
available nitrogen and available potassium content of the
soll was observed but there was no significant difference in
the ¢lectrical oondnotivity, availuble phosphorns, organie
carbon, exchangeable caloium and magnesium and availadle snl-

phur content of the soil due to treatments.

ihe study has shown the effeots of varying levels of
sulphur and potassiuvm arplication on the yileld and gqnality
of radish and garrot orops. Further need to work on the long
term effect of these nutrients and their residuval effect to

be studied has been indio ated.
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AFPPERDIX 1

Rating ghart for soil test data im India

Category
Low Med iz High
l. Ayailatle Nitrogen Below 250 250=500 Above 500
{Founds/acre) v " 280) (280-560) ( " 560)
2+ Ayallatle Ihosphorus selow 20 20=-50 Avove 50
(P,0 ){Founds/acre) ( * 22.40) (22.40 to ( " 56.00)
2795
56.00)
5. Ayailacle Totash Below 125 1 5-300 Abowe 300

(K,0)(Founce/acre) ( " 140)  (140-336) ( " 336)

4. Urganic carkon Below 0.5 0.5 to Atove 0.75
(per cent) 0.75

Note: ¥alues in psrenthesis imdic-tes valnes in
kgs/ha

Sources uuhr,G.:, et al., 1365, "Soil Testing in India”
Y. Agency for Inter national Levelepment
Mission in India, lkew Lelhi.
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AFrahuIX Il

bffect of Sulphur and rotassium aprlication on the

yield of Radish and Carrot

DR et e higme
treatuent plot kg pLo
Tl 8o ¥¢ 4.00a 3.46a
!2 Sg K5 4.25% 3.49a
T3 3, K3 4.45¢ 3.52a
T4 5, ¥ 4.500 3.54a
T5 5, £, 4.75d 3.62ad
T¢ $ KB 4.95¢ 3700e
T,, 82 l& 5.08ef 3.T5¢d
Tg S, K, 5.25fg 3.84de
Ty 5, & 5.358 3.92e
'F* Test * % *

Note: Notations indic.te signif icant dif ferences - in this case
increase in yield - dne to treatments.

Irinciple: a) Lach treatment is corpared to the other of higher

b)

values., S0 the sa.e notation econtimes till the
next valve is significently diffsrent.

Simce values are arrangsd in ascending order,
before analysis, notation 'a' indicates least valne.
if 2 or more treatuenis carr; tie same npotation, 1t
gshows that they awe not significantly different

to each other, when 2 or 3 notations are emried

by the same treatment, it shows thut there is no
significamt difference axong the treatments
carrying the notations individvwally or othe rwise,

inelmcing that treatomont.

sxamples &) yielc of uadish: T& treatment shows the least yield

of 4-.00 k.g/plﬂt (- ¢}

notation fa' is given. ihe

yield of 4.25 kg/plot in 1, treatnent is sigmi-
fiowntly cifferent from 13 and is given notation'd’.
S0 is notation 'c!' for T,, 8 there 18 no ¢if fe~
rence between 1y ana 14,7both carry notation ‘o',
"I,‘%Bgaéryinﬁ notation 'e' is signifiomtly differem

notation ‘e

6 is significant over Tg and carries
. 1z and I, are the safe gonrared to

each other and so0 carry notation 'e'. SO are 'I'7aul
lgearrying notation 'f'. So also ig an' 19 which
are the same and garry notation '2'.

..bontéd..
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Appendis 1I

b) iield of carrot: Comjared to I,, Tos '1"3 and T,
treatuents,l; is significantly different. Ther =
fore 'Il, 12, T3 am *4 garry notation 'a' and
Tg carries notation 'b'. Jompared to T, treat-
ment T5 is not significantly different and so
i, garries notation 'a' also. rurther ’1'5 anc T6
carry notation 'b', Iy and 4+, garry notation'wg’,
'e', I and lg carry notation '¢' and Tg and 19
notation 'e' indicuating that there is no Ji ffe-
rence between those carrying similar notations.



Appgﬂil II1 -~ (Contd.)

Tl T2 ?2__ T4 “_35 Ts T7 TB Tg

4.00 4.25 4.45 4.50 4.75 4.95 5.08 5.25 5.35
T, / 4.00 - #0.25 U.45 C.50 0.75 0.95 1.08 1.25 1.35
T,/ 4.25 - - £G, 20 G265  0.50 G.70 ¢.83 1.00 1.10
TB / 4.45 - - - 0.05 W0.30 Q.50 0.63 0.80 G.90
-1'4 / 4.50 - - - - 0 .25 0.45 0.58 G.75 0.85
Ty / 475 - - - - - +0,20 0.3% 0.50 0.60
T6 / 4.95 - - - - - - 0.1% #0,.30 C.40
. / 5.08 _ - - - - - - 0.17 #0.27
ig / 5-25 - - - - - - - - 0.10
Tg / 5-35 - ~ - - - - - - -

Yield of radish

1556 = 0.Vl

yo1



Appnndix 11 - Contd.

‘1‘1 T2 1‘5 T4 '3.‘5 'I‘6 'L, ‘IB 1'9

3.46 5.49 3.52 3.54 3.62 3.70 3.75 .84 3.92
T, / 3.46 - 0.03 v.06 0.08 *0,16 0.24 0.29 0.38 0.46
T, /] 35-49 - - 0.03 0.05 #0,1% 0.21 0.26 0.3% .43
Ty / 3.52 - - - 0.02 »0.10 c.18 0.2% .52 0.40
T, / 3.54 - - - - o.08 #0.16 0.21 0.30 0.38
1:5 /] 5462 - - - - - 0.08 »0.13 0.22 0.30
Te / 3-70 - - - v - - 0.05 *0.14 0.22
Tg / 3.84 - - - - - - - - 0.08
T, / 3.92 - ~ - - - - - - -

Yield of carrct MSSe = 0,003

GOt
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Extract from Analysis of variance tables for yield and
different gqnality Parameters

106

ean sy of squares

£l.lo. Farameters Treatrent Lrror Re-
/ may ks
Legrees of freedom
8 16
1 2 3 4 5
I. »sffeot of treatuents on yjeld
of Radish and varrot Lrovs:
a) Radish vrop:.i) In fzs/plot - 0.01
bffeot dne to lotassimm 0.332 L
sffect Gue to Sulphur 2.225 .
~£fect ocue to interaction
of K x S . 0.006 NS
{ii/In Tons/ha 12.70% 0.187 *x
b) ggrrot orep:(i) lp kgs/riot .o 0.003
Effect dne to potassivm 0.04 LA
Effeot Gne to Sulphur .28 *a
hffect due to interaction
of K x S .o 0.0025 “u3
(41) In Tons/ha 1.607 0.053% *»
11. iiffegt of treatments on the
nutrient contents of the 9ros
(1) sdtrogen pergentage
a) Radisn (roota) .. 0.0005 0.000018 ® e
b) Kadish (lLeaf) e 0.0007% 0.0000625 »»
¢) Carrot - .a 0.G00%  Q.000018  w»
(11) Eotassivm pergenta;e
a) Hadish (root) .o 0.00025 0,0000625 »+«
) Radish (leaf) .o G.00025 0.0000625 »»
¢) Yarrot - . 0.000125 0.00012% NS
{1i1) Potagsinum percentage
&) Radish (root, .o 0.00075 - -
b) fadish (leaf) .o 0.0000625 0.0000313 NS
c) LCarrot .o 0.001 - -

¢



Appendix 1II - (Contd.)
1 2 3 4 )
(iv) Calgium pergentage
&) xpdish (root) .o 0.000375 0.0000625% »a
) Radish (leaf) s 0.000375 - -
o) Carrot .. 0.000% 0.0000625 "
(v) dgguesiim jercentase
&, Hadish (root) .e 0.00025 - -
b) kadish (lesaf) oo w.0U0L2 - -
¢) varrot o 0.00012 0.00006 NS
(vi) Sulphur percentaze:
a) Kadish (root) .e 0.0004 0.0LU0313 "
b) kauish (leaf) o 0.0003 0.00002% L L
¢) Carrot ve 0.0002% 0.0000625 P
II1. =ifect uf trestnent ou the
guality paraveters of the orop:
i) igotein pergentu,@:
a) Radish (roet). .o - 0.0038 -
vffect due to potassium 0.0U3
.ffeot due to sulphur 0.028% - "
bEffeat dme to Inter-
aotion of K x S «« 0.0132 - »
b) kgdish (leaf)
tffect dne to potassinm 0.0027 - NS
~ffect due to sulphur 0G.106 - e
~ffeat due to inter=~
actionp of x x 5 U.0C0T - NS
¢) varrot .o 0.00381
vffect due to potassiim  0.C0Y NS
sffeat due to sulphvr 0.0285 »a

sffeat due to inter-

action of



Appendix III- (Contd.)

2 £3 4 5
11) Vitamin *¢" (me/1lO00
a) iadish (yoot 0.5%2
offect due tu potasaium 3.83% e
Effect duwe to sulphur 157.0 LA
tffect dne to interaotion
b) Radish (leaf) : 47.123 26.846 -]
Q@) Garrot .. - ¢.015
uffect due to Fotassium v.ll - L
uffeot duo to sulrphur 0.59 3
Lffect due to interaction
of Kx S .o C.0% »
(111) lungeugy pergentage in nadish: 0.0006
Lffegt dve to potassimm 0.035 xR0is s
zffect dvwe to svlphur 1.56 1
Effeot dne to inter-
action of s x S 0.005 s
{iv) & =Carotene Qggﬁnb.g;;a i
in Cgrro 0.0002
Effect ane {o potassium 6.269% - * 4
sffect due to sulphur 27 .86% - »s
kffect due to Inter-
action of K x § 0.269 - L X




Appendix IV

Meteorolosic:l uata showing daily maximum and minimm temperatnres and rainf_alll
snring the period of eultivation of uadish am Carrot crops (10th Ang.1578 to
15th .cocmber 1378) as recordeu at Tgmkur Observatory

-

Auguet 1978 September 1978 Ogtober 1978 Noverb er 1978 vegerber 1978
vsate  Tfemp.°C hainfall lemp.°c R.fall Temp’<  R.fall Tomp.°C R.fall Temp.°C  R.fall
— \mm - (mm) = : (mm ) ,, (mm ) mr )
Max. iin. H@Xe  MiDe aXe Mine “axe. line Max. Min.

1 2 3 4 5 6 7 8 9 10 11 12 1% 14 15 16
o1 29.1 18.9 1.2 27.1 19.4 6.0 29.1 20.4 3.0 28.1 17.4 0.0
02 25.6 19.9 .0 26.1 18.4 0.0 26.1 19.4 (.0 28.6 17.4 0.0
03 28.1 19.4 0.0 28.1 18.4 0.0 28.1 15.9 0.8 28.1 16.9 0.0
04 28.1 15.4 0.0 28.6 18.4 C.0 26.1 20.9 3.6 26 .0 18 .4 0.0
05 30.1 19.4 0.0 28.6 17.9 0.0 22.6 20.9 19.8 28.1 17 .4 C.0
06 29.3 2.4 0.0 28.6 18.9 0.0 25.6 20.9 0.6 25.6 18.4 0.0
o7 29 .6 20.9 0.0 29.1 2.4 0.0 28.1 20.9 0.4 25.1 12.9 0.0
Y 2(.1  26.9 0.0 29.6 20.9 Trace 28.6 20.4 0.0 24.1 19.4 0.0
0% 29.1 20.4 0.0 30.1 18.9 0.0 29.1 19y.9 0.0 24.1 17.9 9.8
10 2711 2V .4 0.0 30.6 19.9 6.0 29.6 20.9 0.0 28.6 17.9 0.0 26f6 16.4 0.0
11 «7.1 19.9 12.4 29.6 20.4 4.6 31.6 20.4 10.8 24%.1 17.4 0.0 - 26.6 16.9 0.0
12 28.1 19.4 0.0 25.1 17.9 70.8 3u.l 21.4 3.0 29.6 17.9 0.0 25.1 17 .4 0.0
13 28.1 19.4 V.0 26.6 18.9 1.8 29.1 20.9 0.0 29.1 20.9 0.0 24.1 18.9 0.0
14 27 .6 20. 4 0.0 28.1 19.4 0.0 30.1 20.4 16.2 26.6 18.4 Trace 25.6 12.9 0.0
15 2%.6 18.4 5.4 28.1 18.9 19.0 29.1 17.9 0.0 29.1 17.9 0.0 24 .1 18.4 0.0

601



Appendix IV - (Contd.)

10

1 2 3 4 5 6 7 8 9 11 12 13 14 15 16
16 23.1 19.4 0.6 26.6 19.4 0.4 28.1 17.9 0.0 29.1 17 .4 0.0
17 26.1 19.4 3.6 28.1 18.4 0.0 28.6 19.9 0.0 29.1 18.9 0.0
18 25.6 18.9 0.0 29.1 19.9 0.0 29.1 20.4 23.6 29.1 18.9 0.0
19 6.6 1y.9 0.8 29.1 19.9 0.0 8.1 20.4  24.1 28.1 16.4 0.0
20 8.1 18.4 11l.2 28.1 20.9 0.0 26.6 20.9 4.0 28.1 15.9 0.0
21 5.6 19.9 6.0 28.6 20.9 1.4 28.1 20.4 0.0 28.1 16.9 0.0
22 26.6 19.4 3.4 27.1 20.4 0.6 29.1 19.y 0.0 28.6 16.4 0.0
2% 27.6 13.9 2.0 25.6 19.4 0.0 29.1 19.9 0.0 28.1 15.4 0.0
24 27.1 19.9 0.2 25.1 19.9 U.0 29.1 20.9 0.2 28.1 17.4 0.0
25 27.1  19.9 0.2 27.1 20.4 1.6 28.6 20.9 0.0 25.1 19.9 Trace
26 27.1 19.9 0.4 27.1 20.9 0.8 239.1 21.9 1.6 26.1 18.4 0.0
2T 21.6 19.4 0.0 27.6 18.9 94.0 9.1 20.4 Trace 28.1 19.9 0.0
28 27.1 1.9 0.2 27.6 19.9 0.0 28.6 21.4 0.0 29.1 17.9 0.0
29 27.b 19.9 0.6 28.6 19.9 1U.@ 28.6 21.9 0.0 25.1 14.9 0.0
30  28.1 15.9 0.0 27.6 20.4 1.2 30.1 21.4 0.0 28.1 17 .4 0000
31 28.1 19.4 0.0 28.6 20.9 0.0

By conrtesy of:

India Meteorological Lepart.en
kralagce noad, Bangalore=560 W

§. Government of India, Meteorolegical Centre,
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