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ABSTRACT

PHYSTOLOGICAL ANALYSIS Of INFLUZNCE OF SALINITY ON GhOWTH

AND DEVELOPMENT OF SArrlOWLR (Carthamus _tinctorius L.)

By
VISHWANALIH BHAGWANKAJ DARKULDE
A Candidate 1'or the degree
of

MASTEE Or 3CIBNCh ( AGRICULTURW )

1692,
Research Guide : Prof's V.A. Fatil
Department : Agricultural Botany

= e (8 ey ——_— o oo o -

A pot trial experiment entitlled,"Physiological
analysis of influence of salinity on growth and development
of safflower cultivar" was carried during the rabi season
of 1988-89 at Central Campus, Mahatma Phulv HKrishi Vidyapeeth,

Rahuri, Dist: Ahmednagar, Maharashira slato,

The experiment was l:id »ut din Jacuorial
completly Randomised Design (£CRDY witn t.ree replications.
The experiment consisted three varieties viz., . 62-&,

Bhima and JSr'-1 and two salinity level viz.,, C.1% and 0.2%

Contd...
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alongwith control. The observations on different plant

characters such as plant height, number of branches, leaf
number, leaf area, dry matter content of stem, leaves and

+

4

P

-4

€,

S

Q
£

caputulum, growth runctions were recorded. 3imulten:

cnemical analysis of plant parts for N, P, K, Na anc Ca

was worked out.

The mzin object being to understand the influence
of salinity on safiflower varieties in terms of growth

responses and chemical composition.

There was definjite reduction in height of piants,
number of branches per plant, number of leaves per plant,
leaf area and leaf area duration under salt treastments were

observed. The flowering period was delayed while the

maturity of the crop was earlier under the salinity treatments.

Total dry weight oI shoot was reduced signitficantly
and reduction was due to combined effect of significant
reduction in component plant parts at all sampling occasions.

Thjis effect of salinity in depression of leaf weight during

grain development stage may further have affected grain

filling and thus final 1000~-grain weight and final grain

yield.

Contd...









1. INTRODUCTION

In India oilseeds form the second major group
of agricultural crops, next to food grains. Safflower is
the second important oilseed crop next to groundnut, not
only in Indie but in the world. Until recent years,
safflower (Carthamus tinctorius L.) was confined to the
regions of Asia, Africa, Europe, Australia, North America
and California. In its evelutionary history, mankind
domestiéated this plant for the colour of flowers but now
it plays a significant role as an oilseed crop in the

world's economy.

Safilower (Carthamus tinetorius L.) is a member

of the compositae family Asteraceae with diploid chromosome
number 2n = 24 in cultivated safflower varieties. Safflower
is an important rabi oilseed crop, being xerophyte, it is
grown under dry farming areas of Maharashtra, Gujareth,
Madhya Pradesh, Andhra Predesh and Karnataka. Safilower is
reported to be a drought tolerant crop because of its
strong tap root system, which penetrates deep into the soil
upto the depth of about 7 feet, It remains succulent in
early stages of growth and assumes xerophytic nature at
later stages and, thus, considerebly reduces the moisture
loss. This has facilitated its cultivetion in scercity
zone§;receiving annual precipitation of 3C0-950C mm, As it
is hardy in nature and require low input on cultivetion,

¥

it has become & precious crop to dry land termers.



Saftlower is potential oilseed crop for
'Vanaspati' industry, since its oil is suitable for hybro-
genation. Q0il has excellent storage propertics as it
contains negligible amount oi linolenic wcid, ° -
Safflower is an important source ol edible oil and it is
considered superior over groundnut o0il (Rao and Ayyanger,
1956). Commercial saf{lower varieties contsin about 40
per cent hull, 32 to 37 per cent oil, 3 per cent minerals
and 18 to 20 per cent carbohydrates (Applewhite, 1966),

It also contains vitamin 'A' and vitamin 'D' in sufficient
qugntities. Safllower o1l contains 93% of unsaturated
fatty acids of which 72 to 78 per cent is linoleic acid,
which is the highest amongst all the edible oils. In
addition to this, it also contains 11 per cent oleic,

6 per cent plametic and 3 per cent stearic wcid. Therefore,
its daily consumption not only prevents iurther deposition

of cholesterol but elso reduces the level o. cholesterol

in the blood. So due to its anticholesterol property, it

can be safely used by the patients oi cardiv-vescular

diseases.

Total area under oilseed crops in the country is
about 173.57 lakh hectares. India is a major safflower
growing country in the world and stends first both in area
and production. Area under satl'lower in the country is

about 7.82 laxh hectares which is 7% per cent of worlds



acerage and the anrmual production is about 4,29 lakh

tonnes (Anonyrous, 1498%).

In Mghareshtre State, saillower is one ol the
major oilseed crops, next to groundnut occupying 22 per
cent area. Area under salllower in Mahareshtre 1is about
5.84 lakh hectares and the anmual production is about
3.28 lakh tonnes, (Anonymous, 1G88-8%)., Mahsreshira stands
first in both area and production as it occujsies 79 per
cent area and 77 per cent production ol the country. The
average production ol salllower in Maharesntra is W63 kg
per hectare which is very low ¢35 compared to other countries.
The area under sggillower cultivetion is increasing every
year in Maharashtra State and also in other states due to

the fact that it does better under adverse conditions.

According to the nutritionslists, the body
requirement of edible o1l per cepita per day is about 3C
gms, but consumption is only 12 gm of oil per capita per
day in India, which is very less as against 50 to 70 gms
in the developed countries. ¥rom this, it is clear that our
consumption is very less than that of other countries
because of acute shortage and high prices of oil. At present,
there is about 14 lakh tonnes of oil shortage in the
country and to meet this demand our country has to pay
nearly 800 to 1000 crores of rupecs per yezr in foreign

currency. Therefore, Lo save the ioreign ercnange on the



import of edible oil and to increase the consumption of

0il, it is necessary to increase the production of oil
which can be achieved by increasing the area under
safflower crop and evolving the varieties which will have
high yield as well as high percentege ol oil under

variable environmental conditions,

The basic biologicel principle is thut the
various physiological processes, which determine the yield
of crop in respect of quality as well as gquantity, are
primarily governed by three complex factors viz., (1)
climate (ii) plant rectors and (iii) soil factors. Amongst
the soil fsctors, the overwhelming accumulation of salts
in the rhizosphere resultls in the reduced plant growih
principally due to development of high osmotic pressure
in the root medium end also due to nutritional disturbances

or disturbed metabolism,

Salinity 1is the limiting fector ror the
agricultural production., large area on the earth surface
i.e. about 9 x 10b hectere's of land becomc problemuatic
due to salinity and become uni'it for crop production.
This area is one third of all irrigated land zilected by

salt,

In Maharashtre State, the salinity problem is

principally of two types. In coastel regions, it is because



of the tidal indatimo!l sea water which results in
continuous deposition of salts in the cultivable fields
or because of shallow water table and in plenes it is
beca;se ol faulty irrigation practices, accompanied by
arfdity and 111 drainage conditions. Kakade (1968)
estimated, that the inland salt allected soils are above

1,00,00C acres of which major area is in the districts of

Ahmednagar, Poona, Satsra, Sangli and Solapur.

It is well known that certein species of crops
have a versatile characteristics of withstaending the
saline conditions. The ecologist and plant >rysiologist

regard this issue in terms o! tolerance and response of

plants, whereas soil scientists or agriculturasts are more
concerned with soil conditions, An eftective approach in
growing plants under saline conditions warrsnts the better
understanding of the physiological basis of salt tolersnce
of plants. It is ob vious that whern availability of water
is restricted by a salinity all the factors which regulate
or influence water absorption and water loss by plants
contribute in some way to the resultent which is termcd as
'salt tolerance', The salt tolerance is the ability of
plant to tolerate high concentrastion of soluble salts in

the root medium. It, usually, 1s expres.ed by reference to

the salinity level that causes o certein devcline in yield,
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The discussion about the physiological causes of salt
injury to the plants lrom excessive accumulution of salts
in the soil large%’revolves around two mechanisms. At one
time, it was proconceived that the excessive accumulation
of soluble salts in the root zones of plants results in
the development of high external water potential'through
which the availability of water is reduced which in turn
results in the retarded plant growth, a mode oI injury that
is often called as osmotic efiect, This osmotic inhibition
hypothesis wes postulated by Wadleigh and Guuch (194hy
Magi§ted (j9h5)and has been iurther supported by Bernstein
and Pearson (1954) Janes (1966)and Parson:’(1968}_But it
haé also been observed that plants do absorb the constituants
of saline solution to varying degree which may bring about
nutritional disturbances or toxic eflects presumably being
the result of some interaction between salts and organic

substances (Uvhits, 1946).

The problem of salinity may be reddressed by

using technological and biological approacnes, The
technological approaches includes try to find inexpensive
and cost eff'icient ways ol d@salting seu weter to be used
for dirrigation purposes, soil-waler munwgement and
irrigation methodology. Biological approaches include
identification of halophytes study their tolerance

mechanism, il neccessary, try to introduce more desirable



horticultural or agronomic traits into them, the
introduction of salt tolerance characteristic into crop
plants, the majority of which are glycophytes. Recent
investigations on the physiological analysis of salt
tolerance have laid much emphasis on the protoplasmic
characters and properties, Based on these properties, the
tests I'or salt tolerance and methods [or induction of salt

hardiness are given out (Sakai and kodrigo, 1960).

Safflower is said to be tolerant to salinity.
Work on thisg factor is very meagre., Investigations on the
salt tolerance of safflower in India at germinstion stage
have been initiated in varieties ol sarlllower by Bangal
et al., (1984), Patil und Bangal (1485, Investigations on
this aspect have been attempted in vari,us purts ol the
world. However, the physiological analysis ol this problem

is not fully explored.

In view ol' the above considerati.ns, the present
investigation "physiological analysis ol influence of

salanity on growth and development ol safflower" was under-

taken with the rollowing main objectives :



a) To study the influence of salinity on growth,

yield and yield attributes ol satflower.

b) To study the influence ol' salinity on

physiological functions ol szlflower.,

¢) To study the influence ol selinity on uptake

of nutrients,.

d) To study the intluence ol salinity on dry
matter production and distribution,
e) To study the variety x Salinity interactions.

f) To study the salt tolerance of safflower i
3 cultivar
N-62-8, Bhima and JSF-1. vars
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2. HEVIEW OF LITERATURE

Saftlower (Carthamus tinctorius L.) is an

important oilseed crop. However, till 19%u very little
resegrch work was reported on sai.lower. Salflower is a
young crop from physiological angle, so lot of research
work is needed on safllower crop (Kao and Ayyangar, 19563
Ramanmurthy and Kulkarni, 1967). The literature available
on this crop on environmental and physiological aspects
particularly on salinity is very limited. Hence, an attempt
is being made here to review the available literature in

brief, particularly with reference to salinity.

There 1s general!l agreement thai exposure of
plants to substrate solution or solls cont: ining soluble
salts in excess of those required for norm« . growth,
usually results {n decreased absorytion ot water, digturbed
nutrient uptake and metabolism and reduced growth, Bul
certain species ol' plants possess versatility to withstand
such adverse conditions. An understanding ol the novel
features of phnysiology ol sualt tolerance has been an
important cbject ol many investigations. Various aspects
of salinity and its eflects on plants have been reviewed
in detail by number ol workers (Bernstein, 1962; Allison,
1965; Rage and Chattopadhy, 1906; Aslam, 1975; hai, 1¢77;
Ahmed, et al. 1977/; bLevi, et al, 198C; Singh et al, 1961,

Kurian and lyengar, 1972; Bangal et al. 1Yl Janardhan
yeny y H y 3 )
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et al. 1986; Rao, et al. 1987; Patil et al. 1988;
: here
EL Wakhlaway and El-Fawsl, 1989). However,kthe aspect of

salinity is reviewed with reference to agricultural crops,

in general and safllower, iIn particular,
2.1 Terminology

Niemarmand Qﬂdson . (196%, derined salinity as
the presence of excessive concentration of soluble salts
in the soil solution. The unit of measure ol salinity dis
electrical conductivity expressed in ds m~, nt 259, as
per the U.3. salinity laboratory (1954), a svil for which
electrical conductivity oI the saturation extract (L.Ce)
is, more than four millimhos per cm at 2500 and the
exchangable sodium percentage (E.S.P.) is less than 15
and pH usually less than 8.5 is considered as a saline soil.
According to Heimann (1959%), right chemical balance of the
ionic environment is ol mejor importzrnce and to a lesser
degree only the absolute amount of Na and thus,the above

general statement may need modirication,

According to Hayward and Bernst in (1¢¢6) and
Lopez (1G66), the salt tolersnce ol varistics cun be scoaled
out in three ways : (1) the simple survivi!l 01 plant agalinst
high salt concentration without uny ecuromic production,
This valuation is more ecological than awgronomical., (2)

a more agronomic way 1is toevaluuate salt toler.nuce through
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the productive abllity ol dirtersnul spacics or variet jes,
at a certam sullnity level, considering as sall resistant
those that under par conditions pive the best production,
(3) to compare the relative performance ol s Qariety or
species at a given level ol' soil salinity to its
performance on a comparable non-saline soil, This third
criterion provides a more sound basis ifor appraising

varietal dilterences.
2.2 Physiology ol salt tolerance

Soil salinity is harmtful to plants in two ways.
First, physically there may be enough solutle salts in the
soil to build up the osmotic presyure ol the soil solution
to a point which will retard or prevent intuke oi necessary
water and secondly from chemical point of view, certain
salt constituents, may be toxic to plant jrowth and may
produce specific ef'tects which may lead to a variety of
nutritional disturbances, or a combined eftfect of the both.

These eflects are discussed in briel here again,

2.2.1 Osmotic el'l'ects and water relations

v

Gauch and Magistad (1943) illustrated the

relation between plant growth and salt concentration. They
reported that the rate of reduction in yield of Alfalfa was
about 10 per cent for increase of osmotic pressure by one

atmosphere within the range ol 0.5 to 4.5 atm developed by

addition of Na€l to the nutrient solution.
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Ayers et al, (1%%1) carried out the studies on
Lettuce and councluded that since the innhvibition ol growth
was more closely related to salt content ol the soil, the

observed growth responses were predominantly due to

physiological scarcity ol the water,

Throughton (1967) noticed that an increase in
osmotic pressure trom .5 to 5 atm resulted in retardation
of the growth ot all parts ol Lolium peremna. An Increase

of 10 atm osmotic pressure resulted in the death ol some

plants and the remainders were del'ormed,

Heikal (1977) observed that under saline
conditions, created by adding NaCl and CaClg, the water
content oi leaves ol saltlower was gignificantly decreased

at-a high salinity level (6000 ppm) only.

Bernstein and Hayward (1958) observed that
osmotic pressure developed in soil solution is firstly
exercised on the cells ol' the root system and ziter that on
the cell-sap and {luids in the whole plant. The root sap
has markedly lower osmotic pressure than the above ground
parts of plants and also seems to have a lower raunge of

adjustment to increase osmotic pressure ol the medium.

The cause of growth reduction, associated with

increasing osmolic pressure ol the rooting medium has been



attributed to decrezsed water entry or avuailability

(Klepper, 1967 and Parsons, 1565).

Long (1443) reported that the growth intidbition,
accompanying increasing concentration ol adlied salts was
virtually linear lor numerous crops, with increase in
osmotic pressure and was largely independent of whether the
added salts were chlorides or sulphates when supplied on

iso-osmatic basis,

Rao et al. (1981) observed that leaf cell-sap
osmotic pressure and leal K:™g ratios were oi'ten higher at
certain growth stages in tolerant than in susceptible

cultivars.

Neimann and Roulson (1967, proposed the hypothesis
that a larger part of the reduction in plsnt growth on
saline media is the result or combined suppressing action
of salinity and transpiration of plant water potential,

They compared the eillects oI salinity on plant growth under
conditions oif low and high atmospheric humidity. As
predicted, high humidity consistently relieved the
suppressive eliects of salinity almost complcetely in cotton
without greatly msltering the don cuntent oi the tigsues on

a dry matter busis.

Janes (1966) studied in detail the mechanism of

development ol counteracting osmotic pressure in Peoper and



13

Tomato plants by subjecting them to water stress by

gradual addition of NaCl or Polyethylene glycol (PEG) to
increase the osmotic pressure of nutrient solution and noticed
that the initial increase in the osmotic preésure of the
leaves was due to dehydration followed by an accumulation

of soluble material.

To summarise, it is evident that one ol the main
effects of sallnity is to limit water supply by increasing
osmotic pressure ol the soil solution, The eftect is [urther
mediated by an increase in soil moisture tension and their

combined eftects which condition the plant growth.
2.2.2 Specitic jon eftlect

Besides the major eifects, osmotic inhibition of
water by excess ol salts in substrate, the component parts
of salts, which may be absorbed by plants, also do play
various roles in governing the various physiological
processes in the plant, Thesgse effects which are independent
of the osmotic el'l'ects are termed as "gpecitic ion effects".

Such eflects may cause nutritional imbalance or disturbed

metabolism or toxicity. A toxic effect is considered to be
due to the presence of an ion in solution which causes
direct damage to the plant and injury usually associated
with the accumulation of harmful concentrations of toxic

ion in the plant tissue which may show anothner ‘signifjcant

changes in the mineral nutrition,
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Long (1943) considered that the sults in contact

with the absorbing membrances ol root cells or accumulaled

salts within the plant may produce deleterious effects on

protoplasm directly and one result of such injury is the

reduced nutrient uptake,

1t was mlso indicated that the nature of salts
also governs the type ol eltect, Thus, sulphate salinity is
believed to bring about osmotic eliects, whereas under
chloride salinity the toxic elteat was predominant one

(Strongonov, 1964),

Bangal et al, (1984) reported that the highest
toxicity was shown by HCU3 ions followed by sou, Cl as
CaCl2 and Cl as NaCl during thelir experinernt on relative
salt tolerance ol safflower cultivars at germination,

Irwing et al, (1988) reported th:t increasing
salinity also increased Cl, Ca and Na bul reducel P and Mg

content in leaves of sati lower.
2.2.2.1 Nutritional efrects

Outl ol the large rnumber of ionlic species which
may occur in solution or in the absorbed state in the solls,

relatively few cuntribute to salinity in a given sallne

soil. The cationgs Ca**, Na" and Mg** and the anions ci1-,
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HCOE and CUg- generally predominate «lthough in any given

soil the proportions may vary considerably.

Numerous studies have been made to understand
the effects of excess ol these ions on growth of different

species, some of these studles are reviewed here,
2.2.2.1 Sodium (Na)

The response of plants to excess sodium may be

complicated by the number ot tactors.

Ratner (193%) obsgerved that as level of
exchangéble sodlum in the soil increased, there is

corresponding decrease in absorption of calcium by plants.

Lipman et al, (1926) noticed that the accumulation
of Na in plants growth in substrate rich in this ion,
Similar results were reported by Batchelder et al, (1963)

in vegetables and Greenway et al, (19065) in case of Burley.

Shourbagy and Wallace (196%) reported that the
decreased Ca content in the top as well as in root of
Barley grown in culture solution containing 4 m eq Na per

litre.

Bernstedin (19bh) observed that when leaves of
truit and root crops, wowdy or ornamental and shade tree
accumulated more than 1/4th per cent ol sodium, caused

death ol tissues and the bleaching out ol the leal pigmentsg



resulting in a margiln or Lip burn symptoms.

Aslam (197%) conducted solution culture
experiments, where 7 days old saftlower plants were grown
for 28 days with K at 6 levels from 0.1 to 1.0 meq/1 and
Na at O to 4 meq/1. He observed that added Na reduced the
K content oi all plant parts when K was deficient and ot
young leaves when K was sulticlent and this added Na
significantly increased the Mg content ol stems and leaves

but had no effect on Ca content.

Heikal (1977) obgerved that when safflowertﬁﬁgwn
in saline culture golution prepared by adding NaCl and CaC}d,
the Na and Ca content of &all test plants increassed
progressively with salinity. Nitropen content ol leaves
increased significantly but there was non-signitricant eltect
oi P content, K and Mg content oif all test plants signiti-
cantly decreased by salinity., Jenardhan et =1, (1986)
observed, a comparatively lower accumulnrtion o' Na and
relatively higher content ol' K in the leuve: was associated
with,salt tolerance. Kurian and lyengar (1¢72) reported
thﬁt N, K and Ca content increased in the plants of

safi'lower when Na uptake was reduced.

shaddaud et al, (1968) studied the etfects of N
(NaNO3, NH.C1 or Urea) application on NaCl treated safllower

plants and observed that N content of variously treated



plants were ralsed except in the case ol salllower plants

treated with NaCl alone,
2.2.2.1.2 Magnesium (Mg)

Exceysive quantities oi magnesium may prove
toxic in soultion cultures, an etrect which may oftset the
presence ol suflicient amounts of calcium leading to a

phenomenon of antagonism (Gauch and Wadleign, 16517,

Gabaly (1955) reported the magnesium injury due
to the inadequate supply of calelum. Aslam (1¢7%) observed
that in stem and older leal, Mg content dccressed with
increasing K but this Mg content signitficantly increased
with increasing Na, in cuse of safllower, Helrnl (1977)
reported that Mg content ol saillower was signil icantly
reduced by salinity. Irwing et ail, (1488) noticed that Mg
content in leaves o!f salilower was decreased with increase
in salinity and alsy there was decrease in plant height and

total seed yield.
2.2.2,1.,3 Caleium (Cu)

Caledum in plent is ol great importance because
oi its relationshlp to cell-wall rormation snd hence
permeability, Any ion that may adversgely affect calcium
metabolism ol cell-wall -. " . will obviougly afltfect

cell-growth. However, the excesgive accumulstion of Ca in
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the soil may be toxic and its specific effects vary with
the crop. Gauch and Wadleigh (1942) observed that CaC12
was more toxic to plants than NaCl in case oi dwart red

kidney beans,

The excessive accumulation of Ca in plants
resulted in disturbed equilibrium of ions which resultedin
detrimental efiects on the production of both foliage and

roots in . . .. beelL (Lehr, 1942),

Wadlelgh et al. (1951) observed that the extreme
levels of calcium were lethaul to the orchard grasses. Aslam
(1975) observed that in salfllower under saline conditions

in stem and older leaf, Ca decreased with increasing K but

significantly increased with increase in Na level, Bangal
et al. (1984) observed that Ca012 is more toxic than NaCl

in safrlower cultivars at germination. 3imilar results were

reported by Jadhav (198%).
2.2.2.1.4 Chlorides

Bernstein (1964) reported that chloride toxicity
was accelarated by hot and dry climate or puriods of high
temperature, Abel and Mackenzle (1%64) observed mortality
of salt sensitive bean plants when they accumulated excess

of chlorides.
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Lessani and Marschner (1978) observed that growth
depression was caused by an increasing supply oi NaCl but
there was increasse in Cl content which was more than Na
content in the shoots. Bangal et al. (1984} reported that
Cl as CaC]2 was more toxic than Cl as NaCl at germination
ol shalflower seedy under saline conditions,
2.2.2¢.1.5 Sulphates

Sulphate sallnity at [lowering 3tage ol Jarghum

vulgare resulted in burning of leaves (Eaton, 1942).

Ramdeo et al., (1968) observed th:t there was
higher Ca content in Bajra plants grown in sulphste selinity

as compared to chloride, bicarbonate and carbonate salinity.

El, Wakhlway and Bl, rawel (1989) reported that
sodium cloride had more adverse efiects on germination than

sodium sulphate in safl lower,
2.2.2.1.6 Bicarbonutes

The bicarbonutes in excess are generaly toxic
to the plants although the sensitivity vaeries with the
species., In saeline soils, bicarbonate don causes precipd-
tation of calcium thereby fuavouring an ilnerease in
exchangable sodium (Wilcox et al. 19%4), abdel et al.(1065)
studied and reported that in beans, Ca contoernt of both Lups

and pods decrensed with Irereasing level: . bicarbonates,
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They further observed that bicarbonate jons upto 6.5 meq

per litre had no eftfect o1 plant growth, whereas at W1 nog
per litre the yield was reducesr upto &0 per cent and the
elfect wes more severe at high salinity., rurther it was
reported that the excessive salts mepy allect the sbsorption
of macro-~elements such as N,7,F and slsu sore nicronutrients,
However, these ellects will depend on the typ e ol snlts

and the species ot plant,

Dastur (1960) observed btad opernire ol bolls to
low K content in the carpels ol cotton bolls induced by

high subsoil sodium seltls.

Remdeo et o1, (1966, reported th.ot in Hejra
comparatively atl all salinitly leveles, uptare ol nitrogen in
presence ol chloride ionyg was bigher than bicarbonate dons
whereas, in presence o. carbonute lons it was lower than
the both. Sodium sulphate «t 0,0% snd 0.1 per cent salt
concentrations dld not etiect the uplake oi nitrogen but jt
decreased atl O.4 per cent level, Phosphorus content ol
plants was found to decrease as the concentration of
chldride, bicarbonate and carbornste ions irn-ressed,

v

Heikal (1977) reported that when salilower crop
grown in saline culture solution prepared by adding NaCl
and CaC12, water content of leaves signiricant!y decreased,
Na and Ca content of all test plants incrcesed progressively

with salinity, total N contentl oi leaves sig:il'icantly

increased but there is non-signiticant eltect ol P content,
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whereas K and Mg content signiticantly decreused with

salinity.

Irwing et al, (1988) reported thal increasing
salinity also increased Cl, Ca and Na but reduced P and Mg

content in the leaves of sgafflower.
2.2.2.1.7 Ionic balance

The 1iving cell systems exposed to an lon-charged
aqueous environment is conditioned by a well-balanced ratio
between these ions. In this direction, some workers in the
field of plant physiology developed a new approach to the
problem of plant growth under saline conditions. This new
concept indicates the importance of a balenced ionic
environment. Actually, it was proved that plants in all
stages of their developmeént can withstand much highep
osmotic pressure in physiologically balsanced solutions than

in those of single salts or unbulanced mixtures (Heiman,1966),

Asanu and Ksle (1965) observed th:t with increase
in salinity there was decrease in K/Na ani +/Ca ratios.
This decrease wus more prorounced in stems and ears as
compared to leaves ol wheut verieties., It was further
indicated that difl'erential tolerance to salinity at
different stages of developmént might partly be due to the

tendency of growing tissues to accumulate less sodium,



Heiman (1966) has given much emphasis on the
physiological balance between the ions in the s0il solution
and put forth the concept of "Bslanced ionic environment',

He emphasized that in spite ot high water salinity good

crop can be obtained if potassium 1s present in apprecisble
con;entrations in relation to sodium. According to him, if
pétassium is not present in a proper ratio to sodium, it
must be added in order to reach the ionic balance, He

observed that plants irrigated with sea water in sand
showed a higher tolerance to salt than plants irrigated
with any other water of theo same salt concentration because

sea water has well balanced ratio of salts.

Reo et al. (1981) observed that leaf cell sap,
osmotic pressure and leaf K3 Mg ratios were often higher at
certain growth stages in tolerant than in susceptible

cultivers of saflilower under salinity,
2.2.2.2 Metaboliasm

Almost all workers have reported reduction in

size of plants under natural conditions of salinity and
the difficulty ol water mbsorption, hence this cannot be
regarded as the most decisive or gsole ractor invoelved and
in many cases it may not be operative., The eflects of
salinity on the various biochemical and ph.siological
life processes in plants, 1s certuinly much more compli-

cated and diversified,



Salinity increases the aminu acid content {rom
10 per cent to 195-18 per cent of the dry mitler of the
plants. Salinily '‘also brings about contrectinn of protoplast
and destroy the intercellular connections wh.ich lurther
results in dimlnution in the upteke of water and nutrients

and hence the stunted plant growth (3Strogeonov, 1664),

Furguson (1966) reported the decrense in total
l1ipid content per plant of Barley when they were grown in
NaCl solution culture, Lapina (1966) reported that carbo-
hydrate metabolism was adversely affected and assimilatory
and synthetic activities ol maize roots were reduced at

high salinity level of NaCl.

Slonov (1966) observed that the application of
nicronutrients like Al, Bo, Mn and Zn to sunflower and

prose millet grown in artificially salinized pot culture,

increased the contents of hydrophillic colloids and the
viscosity of the protoplasm and reduced its permeability

and the accumulastion of mineral elements in the leaves.

Shervykva (1966) studied the influence of salts
on the biosynthesis of certain sulphur containing amino
acids in leaves of Vieig fabn and observed that the chloride
as well as sulphate salinity retarded the primary synthesis
of 835 containing amino acids (Cysteinfeystine) and

inhibited the second stage ol synthesis,
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In soybeans, the sodium sulphate salinity
inhibited the growth promoting activity of nucleic acids
more than did potassium sulphate salinity. This salinity
drestically reduced P32 incorporation into nucleic acids
in the galt sensitive soybean but less in salt tolerant
variety. From this, they put forth é tentative hypothesis
which explains that K und Ne displace calcium and megnesium
from cell membrane and nucleic acids, consequent RNA
degradation in Vive leads to a loss of functional messenger
RNA and enzyme synthesis fails (Kesuser and ilenson, 1966).
Shah and Wedding (1¢68) reported the sodium ion intluences
on phosphorylatlions assoclated wilth oxidation of sucecinate
by turnip root mitochondria and found thst the activity of
first site that assocluted with the reduction of chromosome
C, was stimulated about three fold by 1073 molaer NaCl
whereas, phosphorylation at the second site, coupled with
the oxidation of ferrocytochrome C, was alightly inhibited

by the same NaCl concentration,

Balasubremanian et al, (1974) reported that
nitrate reductase activity and enzyme activity differed

with species of crop under salinity condition.

Aslam (1975) observed that when 7 days old
safflower plants were grown for 28 days with K at 6 levels
from 0.1 to 1.0 meq/1 and Na at O to & meq/1, the added
Na reduced the K content of all plant parts when K was
deficient and of young leaves when K was sullicient, stem

and older lea! Ca and Mg content decreaseld with increasing
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K but Mg content significantly increased with added Na,

Rhodes and Matsuda (1676) reported that growth
rate reduction may be directly proportionsl to reduction

in polyribosome levels during water stress under salinity

condition.

Teau et al. (1976) reported in sunflower, that
increased 803l amlinity reduced carbohydrate syntheais and
accumulationigid not affect amino acid syntheais. ... in
safflower increased salinity reduced the conteénts of
histidine, lysine, glutamic acid anhd in particular

tryptophan,

Ahmed et al, (1977) reported that in saftlower,
the pigment content and photosynthetic activity increased
with NaCl concentretion to a maximum at 0.04 « 0,06 m NaCl,
then decreased slightly, Redioactive C trecing indicated
that at high salinity levels C wes incorporuted into malic
acid at the expense of aspartic acid in safilower, and
with increased salinity more C was incorporeted into

organic acids and less into amino acids,

Lessani (1496, siudied and observed that in
gul't Jower 'L content increased more than N content .iq the

sheots with an increasing supply of NaCl, and Jecreased K
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H%L,

Pevi et al, {(1¢ul ) reported trat
incorporation wus higher in the NaCl bLreated plonts Lhan
in control plants and as there wis a positive correlatlion
between growth rate and rate ol Cua incorporation, it was

suggested that Na could heve incregsed the metabolic

activity of plants.

relipe et al. (1683) nolted that at 9 atm safilower
chloroplasts showed swelling and undulation »I the
thaylakoids, the mitochondria ctergea sk e and increased
in number and in the spongy parenchyms, crn.oroplests and
cytoplasm orgenelles accumulited in one jart oL the cell

under salinity condition.

Radi el al, (1u#8) reported thot the percentage
germination and wutcr content ol sult stressed seed, and the

o

transpiration rete and stomatal I'requency ol salt-stressed
seedling and dry mutter yields of salt stressel plants were

signifiicantly lower than in the contrcel seaiflower plunts.

To summurize, it is evident trom the above reports
that besides, osmotic el'lecls, specil’ic lons may intlaence
the plant dynamism, However, tno» megnitude and severity
ol Ltnese efltects vary withi Lhe nature of the ior, its
concentretion and also crvp species. U o'y D50 apptar
from these studies thet the plunt yrowth be- v @ detinite
relationship to the ospotic pressare ol swe ot rite ond that

different speclics and thelr voriet vg eyl plved dif'lerent



sensitiveness to increase in ospotic pressure. sSpecitic
ion effects such an toxicilties and nutritionsl disturbances
may be super-~imposed on the genersl oswotie ellects, Crops

are known to show dirrerential responses to salinity in

€8]

different phases ol growth snd slso differcotial response
among themselves, U.J5., salinity Levorstory V104 regarded
the electrical conductivity o1 the sagturation extract of
s0il as the suitable measurement lor aovpralsing soil
salinity and its relation to crup condition and plant growth.
Based on this Bernstein (1¢64%) reported a decreasing order

ol field crop as berley, colton, seftllower, wheat, sorghum,

soybean, rice und corn,

Plant growth is adversely atlected by salinity
and its resistant property which varies with the species,
varieties and even at different stages of growth. (Urecnway
et al. 1965; Suadayappan and Shrinivasan, 190c¢ =nd Kaliappan

and Rajgopal, 1968).

Some of the efrects of sazlinity orn the different

growth stages ol crops are sumparized below
2.3 Germination and emergence

Increasing selinity generally causes z progressive
retardation in germinstion at the lower range of concentra-
tion. At higher salinity levels germination percentage also

begins to be gllected, In geners., trhe delayved germination
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and injury Lo sceds and seediings 1s in 1ireot proportion
to the osmotic pressure, (nose geeds which o notl develop
high imbibition pressures are incapable ol ausorbing a
sui't'icient quantity ol water to initiute the processes

involved in pgermination (Layward, 1950),

Maliwal and Paliwal (1907) re orted that toth
osmotic as well as specitdc don eliects may be related with

the decrease in germrination.

Mulwani and Pollard (193%) observed thitl in barley
increasing concentrations ol sa.ts Jdeln;- | i We ] as
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Macky and Chapmen (19540 Semonstie Lo thot
salinity was in most cases only as innibitor veesuse iU
ungerminasted seeds ror conditions of uigrn salinity are
subsequently placed in lower salinity they cerminate quite

freely.

Perrson el =, (1o, UDunx that rice seed
germin-ted in sand salurated Wilh s32luton having eleotricdd

conductivity value as Lish as &0 mrros per om. 'he

electricel conductivity va me xesociqted with 0 per cent

ct

reduction in permio Lioo one week aJer o L ing ranged

Trom 21,2 to 3007 mmuos oo ono Loy somée VoL bl
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hallappan et al, (1967) observed varietal
differences In barlcy at germination. In general, the
germination was sharply decreaged in the treatments
receiving 6,000 ppm (NaCl + CaCl,) and above. The early

vigour was much artfected by salinity.

Ghorashy et al., (1972) studied and reported that
safflower seed germination on filter paper wetted with
0 to p) per cent NaCl solution showed reduction in germination

from 90 per cent to 60-70 per cent as NaCl concentration

increased from O to 1 per cent,

Ral (1977) reported that when ten safflower
vurieties were grown or two years in the field and
irrfrated with water containing CaC]g, NaSOM and NaHCO3,
the seed germination was reduced in all ten varieties but

with some varietsl differences,

Goswami et al. (1978) observed 100 per cent seed

germination at salt concentration upto 6 mmoh/em in
safflower but germinastion gradunlly decreased to 23.3 to
53.3 per cent with further inersase in salt concentration

upto 20 mmho.

Devi et al, (1980) reportel that seedling
emergénce was delayed by 2 and 9 days at ¢.2 and 0.+ per

cent NaCl saliniwy, reipectively.
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Guerrier (1%83) reported that seed germination
was reduced due to accumulation ol excess ia with very low
Ca or K seed reserve when planted in solution containing
0=-50C mM NaCl., Bangal et al. (1984) reported that
germinatinn in four safltllower varieties decreased with
increasing sult concentration and the highest toxicity

observed by HCO, lons, followed by SOH’ Cl as CaCl nd Cl

3 2 @
a3 HNuCl. Similar results were reported by Patil and Bangal
(194%) . Further Jadhav (198%) reported that N 62-8 was the

mo3tl tolerant variety ol saftlower to salinity.

Patil et al, (1988) conducted the field
experiment with satllower, irrigation with saline water
(1 to 16 ds/m) and reported the decreasel germinetion
prreentage ond see lling vigour becasuse of the rccumulation
of eations Na, Ky Ca and Mp In seeds, Similar results were

reported by Radi et al. (1988).

El, Wakhlawny and El. Fawal (1989) reported
reduced germination percentage and normal seedling growth
as the salinity concentration incrensed in saftlower crop

and they noted that sodium chloride had more adverse effect

on germination than sodium sulphate.



31
e Vegetative growth and maturation

In general, the irst physiological reaction to
increase il salt concentration is reduced entry of water
which tends to inhibit the meristematic activity and
elongation of the roots (Hayward and Spurr, 1943) and
rednced the vascular system and cambial activity (Hayward
and Spurv, 1944) . According to Ahmed (1969), important
aspect of growth depression under saline conditions was
reterded differentiation rate at the shoot apex or growing

tip which further reducei total leaf area.

Vepetative growth was reduced zs the osmotic
pressure ol Lhe substrate was lncreased and tris reduction
in growth was reported to be in proportion to the amount
of salts present in the substrate medium (Bernstein, 1964).
However, soll sallinity often restricts plant growth

severely without these etfects being apparent.

kale (196h) observed depression in tillers,
reduction in dry matter production, root growth, absolute
growth rate, net assimiletion rate, leaf size and height
due to salt treatments in wheat. Reduced leaf size reduced
photosynthetic rate which further influenced the grain

filling.
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Sarin (1v53) observed depressing effects of salinity on
dry weight of shoot, seed yield and 1000 grain weight of
graw. The opening ol firast flower was also delayed by

6 days in treated sets as compared to control. Moreover,
the adverge eftects of salinily were graduszl with increase

in age and maturity olf the crop.

Francois and Bernstein (1964) reported that in
safl'lower, 10 per cent and 20-25 per cent yield reduction
associated with the E£.Ce values ? and 11 per cm,
respectively. These yield reductions were attributed to the
decreased number of flowering heads and the yields of
seeds per head the latter being affected by seed weight and

not by seed number,

Younger et al. (1967) observed differential
behaviour oi grass varieties to salinity. They found that
top growth of all the varieties decreased with increasing

levelsg of salinity.

Karian and Iyengar (1972) reported that in pot
trials, 4% days old salllower seedlings were irrigated with
ses water st 195,000 to 20,000 ppm and observed reduced
plant height and number of leaves which resulted into

reduced plant growth,

Abmza et al. (1974) noted that salinity limits

to growih were 4Wihe npm T3 (10 per cent sea water) for
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saitflower when irrigated with sea water having range of

4140 -4120 ppm total soluble salts.

Rhodes and Matsuda (1976) observed that
polyribosome per cent and growth rate were, reduced in

proportion to loss ol tissue water under salinity.
1

LLessani and Marschner (1978) observed the
depression in dry matter production and corresponding growth
depression caused by an Increasing supply of NaCl in

saft'lower plants.

Jevi et al. (1%80) observed that seedling
emergence wis delayedﬁ?‘and Y dnys at C.2 and C.% per cent
salinity resgpectively, however growth rate i.e. plant
hefght, dry weight and Lenf Area Index (LAI) after emergence

were much aster in the NaCl treated plants of safilower.

In a field experiment with safrlower, irrigation
witn saline water (1 to 16 ds/m) decreased the number of

branches per plant, number o! heads per plant and seedling

vigour (Patil, et al. 1988},

Irwing et al, (1988) reported that in safflower
crop, increasing salinity decreased the plant height. Growth
rate incresged with increasing salinity and was indicated

by earlier maturity dates in the salt stressed plant.
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2.5 Yieldl and yleld attributes

sarin (14u3) obgerved depressing effect of
salinity on dry weight ot shoot, seed yield and 1000-grain
wedght of gram. The opening of first {lower was also

delayed by 6 days in treated gels as compared to control.

trancols and Bernatein (1964%) reported that in
sall'lower, 10 per cent and 20-2% per cent yield reduction
wig associated with E.Ce values 7 and 11 per cm respectively.
I'nese yield reductions were attributed to the decreased
number of flowering heads and the yields of seed per head,
the latter being aftfected by seed weight and not by seed

number.

Hage and Chattopadhyay (1966) reported that seed
yield from safilower grown in a saline soil was 20 per cent

Jower than the average yield for the farm.

In pot culture trails, 49 days old saftflower
geedlings were irrigated with sea water at 15,000 to 20,000
ppm and observed that there was reduction in seed yield

and 1000 seed welgnt (Kurian and Iyengar, 1972).

Saftlower was grown in various soils with salindity
ranging from 20.33 to 639,33 mp salt/100 gm soil and
observed thet yiel s were hiphest at 1,39 tonnes seed per
hectare in Lhe control but for other solls yicld decreased

with increasing salinily (Tesu et al. 1979; Rai, 1980).



Singh et al. (1%981) reported Lhat dry matter
production and graln yield o0 saftlower decreased
continuously with an increase in e¢xchangable sodium
percentage (ESP) of the soil and a reduction of 50 per cent

grain yield occur;@Jat an L3P ol 14 for saftlower.

The reduction in yield of safilower under saline
water irrigation was mainly due to a decrease in number of
heads on secondary branches and to a lesser extent of 100
seed weight und seed yield per head (Janardhan, et al.

1986; Maliwal, 1Y8a),

In field experiment with salt lower, dirrigation
with saline water (1 to 16 ds/m) dcereszsed the number of
heads per plant, seed yleli, 1000 seed weisntl crnd oll

content {(Patil et al, 148,









3. MATBERIAL AND MuTHODS

A pot culture trial on physiological analysis
ol the ini luence ol sallnity on growth and development of
safTlower (Carthamus tinctorius L.) was conducted during
the rubi season of 1968-89 at Central Campus, Mahatma
Phule Krishi Vidyapeeth, Hahuri (Maharashtra 3tate). The

detalls of materials usel and methods followed are presented

in this chapter.
3.1 Preparation of pots

Ihis experiment was carried out in pot culture.
one hundred eighty cement pots of similar size i.e. 30 x 30
cm were used for Lhis purpose., These pots were filled with
fertile soil and compost in the proportion of 2 : 1. During
pot filling the care was taken that each pot contained,

ten kilogram of soil-compost mixture. Some upper space was

kept open in each pot for better irrigstion.
3.2 Zxperimental layout

The experiment was laid out in a factorial

completely randomised design (¥CRD) replieate!l three times.

Lo
-
U

sends and gsowling

Three salt'lower varieties viz., N 62-8, Bhima

and JSF-1 belonging to species Carthamus tinctorius L.
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were used in this experiment, In each pot, u-L sceds were
sown. Germination was completed atter eight days. Alter
about 12 days trom sowing, gap tilling was carried oul
with the help ol seeds of respective variety. Arter 20 days
from sowing first thinning was done, at this time $ healthy
plants were kept in each pot., Second thinning was done
after 30 days from sowlng and 4 healthy plsnts were kept

in each pot. Plantg were protected from aphid attack by

spraying recommended insecticide,
3.4 Treatments

After 30 days from sowing the ditierent salinity
levels were created by adding the salts (il + CaCl,) on
<.

weight basis as cach pol containel 10 ky syril-compost

mixture.
i) Control : Salts not adildel - (SD)
11)  0.1% P % pm NaCl o+ 5 pm = (8y)
CuCly 1o 10 kg s01l
iid) 0.2% : 10 g NaCl + 10 gm - (8,)

CaCl. in 10 kg soil

Salts first dissolved in a little quantity of

water and then added, Irrigations ‘ollowed as per necessity.
3.9 Growth observations

For growth observations, three ,loris were selected

randomly in each tregtment, lhese plants wers me riced by
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tagging the lebeles, rollowing periodical observations
were recordei at an Interval o' 15 days starting from

30 days atter sowing and continued upto the nrrvest.

.00 Heipbht oo plant

T

[otal plant pbeight (in em) ol the observational
plants was recordel I'rom the ground level to the base of
the 1=ast ffully ooened leal, Observations were recorded at
an interval o0 15 days starting from 30 days and were

continued till harvest,

3,5, Numbner o! branches

h

Total number oi branches, viz., primary, secondary
and teritary whencver observed were recorded separately
at'ter every 15 days dinterval. Ubservations were recorded
at an interval ol 1¢ days starting from 30 days were

continued till harvest.
3.9.3 Number of green leaves per plant

Total number of green leaves of observational

plants were recorded atter cvery 19 days intervel.
3.6 trowth phages

vays required tor 0% flowering

L)
»
e~
—_

v

Drys taken ta S0% flowering weve recorded in

each veriety whuenever abiserved,
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3.6, Days requived tor maturity

Inall the vorielies the number of days required
for maturity ol plants were recorded. The parameter that
is complcete yellowing sand browning of capsules was taken

as the irndication ol complete msturity.
3.7 Plant sampling

Plant sampling wes done from 60 days after sowing.
Three pots were harvested st cach sampling. In all five
semples were collceted, Jampled plants were separated into
different plent parts i.e. leal, stemr, capsules, primary,
secondery and tertiary branches etc, The leal area was
recorded jmmediately on automotic leaf area meter and all
these plant purts were dried well in electrically operated

C

therrostatic hot eir oven regulated at 907 for first one

hour and then at constent temperature of 7OOC for two days

and then the further observations were recorded.
3.7.1 [Bal area

Three pots were selected randomly at each
sanpling. The plunts f'rom these pots were sepsrated into
the stem, leasves and capsules. leaf area of these plants

(dn®) wag rersured with the help of automstic leaf area
mcter, These obunervs tiong were recorded from 60 days after

soviirg: till the hurvest, al an interval of 19 days.
4 y
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3.7.¢ Leai area duration (LAD) (days®

Leal areg duration ot different occasions was

worked out by multiplying leaf area with interval between

two sampling occasions.

TAD = (Ly + Lg x (L, - ty)
2.

Where, L, and L1 represent the leal srea per
o~

plent at t2 and t1 times, respectively.

3.8 Ury matier studies

Three pots were gelccted randomly and harvested
at each sampling starting from 60 days of sowing. In all
{ive samplvs were collected, Sampled plants were separated
irto leat, ster, branches, caputulum ectce. Then these
seperated plant parts were dried {n c¢lectrically operated
thermostatic hot air oven, repulnted at<9OOC for first.
ore hour end then at constant temperature of 7OOC for
¢ days. Alter complocte drying, dry weights were recorded

separetely and total dry matler was computed.
3.4 Growth funections

Frem dry maotter dats the growth functions such
59, absclute growlhe rate (AGI), relative growth rate (RGR)
not assindlotion rate (MAK) were cstimoted with the help

of total dry weipght ol planl and leaf area per plant.,



L1
3.0,1 Absolute growth rnte (AGR) or crop growth rate (CGR)
(olday)
Absolute growth rate was calculated from total

dry matter accumulation by using the formuls given by

Redford (1967).

(W, - W)
AGE R SR
(tzz - L1 )

dry motter per plant at the Lime of L. and L1, respectively.
3.0, Kelutive growth rate (TNE) 2ja|day)

The rate at which plant dincorporate new material

B

into its substance was messured by RGLk, which is expressed

mathematically from the following formule given Briggs
et, al. (1020) and krdsher (1921},

N ( 1o Woo- 1o |
R - o B M m W0E. W)

Where, W. and w1 represented total dry matter

per plent at L. and t, times, respectively.
3.0.3 Net assimilation rete (NAR) LQk@HdQU

Ihe net ngsimiletion rete represents photosyn-
thetic etticiency of leaves, The relaticnship between leaf

area gnd dry matter accumuletion is messured with the help
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ol tormule sugpested by Grepory (1926).

(W, =Wy ) Log,, LP - LogO‘L1)
r\z AI( o ot b e e A 3 — x —— e vt J—
<I“) L»]) (t';) - ta,])

Wherey Woand w1 represent the total dry matter

o

and LQ and Lj denote the lest area per plant at t2 and t,

times, respectively.

3.1 Harvesting

The remoindng pols contalining salllower plants
were harvested when all Lhe leaves and capitula on the plant

becore dry snd brown,

3.1 Yield contributing charecters

3,110 Number ot caputula per plant

The number of caputula per plant were recorded
at an interval of 15 days starting from formation and were

cont inued till hervest,
1,11, Mean seed number per caputula

Seeds obtained {rom bulk samples of caputulm at
hervest were recorded. The geed number per caputula was

worked out by dividing seed number by number of caputulw . .
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3,11.3 Thousend secd weipht

Thousand secd weipht ol seeds {rom bulk sample

0;° caputulum was recorded st the time ol harvest.
3.11.k seed yield per pot

vut of 20 pola, % pols were kept mainly for
yield studies under each trealments, plants from these pots

were harvested at maturity and seed yield was recorded per

pot separately.
3.12 Chemical analysis

Plant samples collected at the time of sampling
were chemically analysed for content gnd uptake of nitrogen,
phosphorus, potessium, sodjum and calcium ol leaves, stem

and capsulecg sepsrately.
3,181 Hitrogen (N ‘

Nitrogen content in leaves, stem and capsule was

ealimeted by micro-kjeldhal's method (A.Q.4.C., 1959).

The plant samples were powdeTEJ in the grinding
mill and a known quantity (0.2 gm) was digested in a
mixture of 1 ¢ 1 concentrated HRSOM;E%pZ and the
acld extreet was used for determination of nitrogen,
phosphorus, potassium, sodium and calcium (Nelson and

sommers, 1071,



Ly
3.18.¢ thosphoTus (F)

A known quantlty of ancdd extract (9 ml) was taken
for determination o1 phosphorus content of plant parts.
The yellow colour was developed by adding indicator
prepared trom azrmonium metavanadate and ammonium
molybadate end colour Intensity was measured on Spectronic-
o

20 at wave-length 470 nm and phosphorus was estimated

(Foeing and Johnson, 1942).

3.12.3 Potassium (K)

Potassium content in leaves, stem and capsule was

estimstel by flame photometer method (Chapmun and Pratt,

19030,
3.12.h Sodium (Na)

3odium content in leaves, stem and capsule was

estimsted by tlame-photometer method.
3.12.% Calcium (Ca)

Crolcium content in leaves, stem and capsule was
determined by Versanate method. A known volume of the
solution westitreted with standard versaghte ¢.01 N EDTA
snlut jon uﬁjng murexide indicator Jn the presence of NaOH

solutjon., The erd point watn change ol colour from orange

red Lo opurploe.



3,13 Statistical analysis

The dente collected on diff'erent aspects, wherever
possible, were anelysed statlsticslly by stendard method,
"Analysis of Variance'", Whenever the results were significant,

a critice’ Jifference (C.D.) at 9 per cent level of

probability was mentioned,
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4, EXPRRIMENTAL RESULTS3

An experiment with a view to study intfluence of

g Linity on growth and development of safflower (Carthamus
pef

tinctorius L.) was conducted nsndetails in Chapter 3. The

results arve described in this chapter.
W, Jalinity atatus

date on electrical conductivity (E.Ce) of soil
ot the pots during experiment, i.e, after giving salt
tregtment at 35 days atter sowing and at harvest are

pregented {n Table 1,

Tob e t,  wisctricat conduclivity (E.Ce) at saturation
pvercentege in millimohos per cm st QS(C

Verieties
N 62-8  Bhima J3F -1 Mean

After treatment. (35 days alter sowing)

Treetments

\3() ] . ’/’E:( 1 .E’? 1 .83 1 .81
. 2,06 2,05 2.9k 2.0
._,1 , ; 7/ ’
Moan 3.26 3.25 3.26

AL hmrvestl
30 1,72 1.73 1.73 1.73
5., .52 .23 b 1l 4,30

Mean 2.88 2.83 2.77
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it will be seen [rom the date that mean salinity
value, In general, Increased (n propcrtioﬂ to the quantity

ol salts adied, It 1s inleresting to note Lhat with time,

mean saliolty value decreaged slighl ly.,

”

b, e urowth ohgervations

h,o, He:ight,

The relevant date on height at 19 days interval
are sumnarized in Table 2 and arc graphlcally shown in
rig. 1. turther, data showlng meen effects of treatments,

varieties and their interactlion for these observations are

given in Table 3,

The salt treatments commenced at 30 days after
sowinyg. The mean height of all three varieties at the
beginning was more or less the same under control as well
as &y and 82. The salt trealments reduced the mean height
slightly nt U5 days after sowing and thereafter both the

treatments reduced height signif'icanlly and consistently

with significant difterences belween 81 and 82 treatments

and the treatment el'lecty differed as Sozs 31:> S,.

The main effects on varieties were also signifi-
cent, except 60 and 7% days after sowing. Initially rate
of growth in Bhima was very alow up to 45 days after sowing.
The varietal difterences in respect of mean height were

gignificant except st 60 and 75 days after sowing.



Progressive mean height in cm
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similarly, the treatment dit'ferences were signiticant at

all occasions, except at 30 deys. Thus, there were consistent

and signiticant dit't'erences among the treatments which

varied in descending order us JO 3, 3., at all occasions.
(=4
b,2.o Number o!f primary branches per plant

Ihe data on the number of primary branches are
presented in Table 4 and § and are graphically shown in

o~

t‘igu [N

The datz regarding number of primary branches
revegled that the salt treatments reduced the number of
primary branches. Both the galt treatments reduced the
number of primary branches significantly over the control

with significant differences between S1 and S2 treatments.

The treatment differences varied as SO:> Sy > 35.

The differences between varieties were not

conspicuons Lo warrant any conclusion, but from mean it

would be seen that number of primary branchées are more in
variety N 6o-6 at all occagsions and order wasa N 62.87 >

Bhimg == J3r -1,
I Number ol secondary branches per plant

The relevant dsta showing number of secondary
brancnes sl periodic Intervals are summarized in Table 6

and shown in ¥Wig., 3. vals showing mean effects of treatments,



Table 4. Progressive mean number of primary branches per plant

Varieties

Days N 62-8 Bhima

after
sowing Treatments

o
N

C 1 2 c >

7]
U,
U
2]

=l > 00 -,z 2..C L33 .27 2.07
s Te07 R 4,33 D.27 5.00 4, O
o .33 S L33 7,57 5.33  L.57
ol .o . CL 4,87 T.oT S.33 5,01
Pau z.et D.0¢C 4.67 7.07 .33 5.00

15
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varieties and their intersction 'or these observations

are given in Table 7.

The dala regurding number of seccondary branches
revealed that, the salt treatments tended to reduce the
number of secondury branches per plant. Both the salt
treatments reduced the number ol gecondary branches
significantly, with signiticant difterences vetween 3, and

82 treatments, Treatment eflrects ditlered as J(?” S,ZW 5.,
v [4

The main effects of varieties were not conspicuous
to draw any conclusions, except at 120 days «{ter sowing,
At this stage N 62-B was signil leantly superior to JSk-1

but equal to Bhima and Bhima wes equal to both,
L.2.k Number ol tertiary branches per plant

The data showing number ol tertisry branches at
periodic intervals are sumnrized dn Tablc & and graphicvally
shown rig, W.Further dots showing mean etficets ol
treatments, varictles and Lheir interactions are given in

Table 9,

The datsw regarding mumbiop of tertiury branches
revealed that, the salt trestmeéntls redured the number of
tertiary branches at all occsssions, 1t way evident that
the number of tertiary branches was signil fcantly and

consistently higher under control than 3y =nl 3. trestments,

L4



i

.

56}
Q

0
L
14

oo
|
14
xS
i
!
!
I
W
b4
‘r“
o
)
]
i
|
Ji) |
L
=
$er
mn o
Yy b
al
’3 :‘0

‘1

)

y

Y

sy

v

ey
Y

14

/"j
ey

(99

PR U



http://bra.ncr.es

57

Table 9. Mean eflects of varieties, :rveatmenls and
their interaction on mean number oi tertiary
branches

Vays alter sowing

T e s 120
Varijeties :
N 62-8 0.78 1.56 2.20
Bhima C.67 1.33 1.69
JSK -1 U.56 1.1 1.33
S.E. + 0-20 0.92 0.30
C.D. at 5% N3 No N3
Ireatments :
Sy 1.4 2.22 3.1
s, ' VRN 1,20 1.56
3, 0.11 0.56 0.78
S.E. + 0.20 0.22 C.30
C.D. at 5% 0.61 0.66 0.89
Interaction NS NS NS

NS = Non-signiricant
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Both the salt Lpewtmernt s veluced the number o Lertiney
branches signilicantly, witn signsticanl diilerenoess
between 31 and 5. tregtoents aed teosteest o frects ditffered

— Y ey
as 5. == o, T

0 I S
The varitelel ditteronecs woere ot stptistically
signifiicant, however, Lhere were mere rmumbor ol tertiary
branches In vaoarivcty It 08wy compe red 1o b e and 288 -1,
whereas Jsb -1 bl Jea-t mesn nember or Laprriarvy tranches
at all occassion. The internction e rects holweer
varietiog and sult treatpeooo w0t slagrdlicsnt hmstdeat o

similar responiie ol varieUivs Uy bhe soln treslmenty,

h.,2.5 Toteal maater o) caputalum ner ent
, The dota showine romber o Vola capulalan per

plant at periodic Intervay are gsupmarizet in lhole 1. and
graphically shown In rig, ! and turther data showing meun
el'lects of treatments, varieties und their intersctions are

given in Table 11,

The rate ol productiosrn U caputnlun was signiti-
cantly and consistantly higher under the cortrol than 3y
and 32 treatments. Both the treatnences reduced the mean total
number ol cupublulum al. all the socu-sionng 20 plant growth,

with significant dirferon va hatwoeer, 31 aild D Lrealments

and treatment cltect s diltersd iu 5 " 577 o
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Table 11, Mean eltects ol varieties, treztments and their
intéeraction on mezn caputulum number

Jays alter sowing

Varieties :

N 62-8 10 bk 135,43 15,53 1. 7¢
Bhima G111 11, G 1L 16 .6C
JSF -1 ERE 1.0 1.8 14,56
Seive + Uit Lo CLte 0-7¢
C.o. at S% 1,74 1Lt PLoob N3
Iregtments :

SO 1,32 1.6 O 21.6Y
S, YV 11,11 10,69 1,67
52 ot Yo' G, e 11 .0
Selv. 4+ (.4 (L CLEE S
C.D. at %% 1,17 1, I, ol 2031
Interaction I - v N

NS = Non-signiricant
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The varietal ditlerence were alsy signiticant,
excepts 120 days al'ter sowing. It can be scen that the
mean number of total caputulum was higher in variety
N 62-8 as compared to Bhima and J3r-1 at all occassions.
The rate of production ol caputulum was signiiicantly
hizher in N 62-& and it was significantly higher than
JSF -1 but it was at par with Bhima, except at 75 days alter
sowing, whereas variety J8r-1 was signiiicantly inferior

than N 62-8 but at par with Bhima at all occassions.

4.2.6 Number o leaves per plant

The relevant data are summarized in fsble 12 and

graphically shown in r'ig. % anl Iuble 13,

The differences in number ol le-ves per plant
were statistically signil'icant «t all the secussions, except
at 30 days ol plant growth stage where tne 1. iterences werpw

not signiticant,

The number ol leaves per plant was significantly
and consistantly higher under control at all occassions ol
plant growth than 3, and o

1 2
effect o! sulinity on leal number. Both the treatments

treatmerts, indicating retarding

reduced the number of leaves significantly, with signiri-

A

cant differences between 51 and 32 treatments. Treatment

ditferences varied as S0 31:> 32. The leal number per

plant increased upto Y0 days oi the cron srowih styge in
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all three treatments and also in all three varieties and
thereafter it was decreased continuously till harvest,

This may be due to the senescence ol o0ld lesves at maturity.

The varietal ditterences were alsd signirlicant,
except 30 days aflter sowing. The nurper ol legves per plant
was signifiicantly higher in variety N ©02-8 thsn Bhima and
J3F-1 at all stages »f plant growth,., The nunber ol leaves
per plant in variety Bhima and J3r-1 was more or less same
upto the 75 days ol crop growth stage and thereafter Bhima
was signifiicantly superior than J3r -1 where Jar'-1 was

signiiicantly intf'erior than both tne varieties,
. )
4.3 Lent wrea per plant (dn*)

The mean lenl area per plont st different stuges
under treatments are gliven in Tablein, i and graphically

shown in Fig. 7 Hé

The dote regarding mena et aren revealed thet
the salt treatments reducedt the mean len.) wren from 60 days
crop growth stupe Lill harvest., I'tie mesn leql area was
signifiicantly wnt consigtantly horrer untier control than
51 and 32 treatments, Both the Lretment: reluce 1l the mean
leal area signilicantly. Ireatnent eltect dil'tered as

3,7 8,7 8.
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The signitlicant dilterences between 51 aunl 5. were not

[

evident upto 90U days ol crop 2rowlh stage, lhereatter 61

treatment was signiticantly superior to 3, treatment,

]
[

The varietal ditlerences were stalbistically not
significant, except at 120 days ol crop growth stage. In
general, it will be seen tfrom the dats that there was
slightly more lea! area in variety N 02-4 tthan Bhima and
JSr=-1, Interestingly at 120 days o1 crop growth stape the
mean leal area under varjely Bhimu wvas more, than N 62-4

and signitdcantly hiyvher than Jor .1,

The maximum leal area under all three verietbles
and treatments was obgerved at 7% duys crop ymuwlh stage,
then the reduction in leal aresn «l'ter attainins moximum
value was evident under all the three variotics snd

treatments,
4,3,1 Leat area duration (LAJ)

The duty repariing leat areag durcuion ore

presented in Tubie 1n ant Table 1.,

T will be secn Urom Lnt Jdata thet the leal areq
duration (LAD) wu8 muximum al dn1it ;-1 grawth phase (00-79
days atter sowing) and it declined ropidly with the

advancemenl ol crop uge under all the three treatments and

varieties.
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Table 17. Mean cltect oi varietiva, btrestminty and thelr

interuction on mean TAD Cdays)

;)?:.‘7’ i l)(:ﬁ LWQQ 1)

LU =75 (e G 10,120

Varieties :

N 62-8 4,13 37,0, 20,90 21,50
Bhima 43,33 34, 1h 27,03 1949
JSF 1 1,32 2y .07 24 LG 17.09
C.D. at 5% NS 4,21 N3 3.91
Treatments :

S OHh 0 W 01 35.h 28,63
0

S1 W1,79 34.LY VR 1543
32 26,096 20 4% AR 13,78
S.E. + N 1. by 1. 36 .76
CoDo at 5% 'Ju'/)tl \+ 21 ]—‘ 0(_1 ‘?) 15’
Interaction N N 03 N.

NS = Non-gsipniticant
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A

The lew! area duration (LA was significuntly

1

and consistuntly higher uonder control thun J] and 3

-y

treatments. Both the salt treatments i.¢, and 32

‘%
reduced the laul ares duration dign:l lcardtly and congls-

tantly. Treanlment etvecty irtered oo 3 ?'.”t:’aq‘ Phu s,
control had sivnit leantly higher LAD than both S, wnd
treatmenty at all , rowlh phases, rarther 3, troalment was

|
also signiflcantly superior over o tlreatment gt 60-70 and

75=-90 days after sowing and tnercnrter gipnit icant
differenceg were nol evidend but was having Liyher mean

value thuan 32 treatment,

The vurivtul dillerences were statistically
significant at 75«90 and 105 =120 duys alter sHowing where
variéty N 6G2-0s was glynilicantiy seoperior over J3K-1 and
at par with Bhima, In general, the mean leal area duratjon
was slightly hlgher under variety W 6e2-4 at all crop growth

stages and varietul effects ditiered ag N 02-0>=> Bhima "=

JSF-‘] .
W4, Growth phases
[ Days required for 50 per cent tlowering and for

morurily

In order Lo study Lne e et GU 5aits on
reproductive growth phases Lhe ousgcrvations on days required
for 50 per cent {lowering wnd ror grturity were recortid,

These date ure glven in luble 16, he gty are not
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statistically unalysed and inlerenc:s are Adraun 'rom wean

values,

It is evident from the results thazt salinity
tended to increase the time required ror 5. per cent
flowering. Thus days required for 50 per cent f{lowering

was more under both Lreustments i.e, 31 and 3., than control,
and treatment ettects were in order ug 3.0 3 = 3
rlowering way delayed relutively more dn Jur-1 and waa

early in N 6Z-4,

It will be seen t'rom the :ata that salinity
reduced the time required for mautur ty., Thus, sclt treatment
enhancesg the matarity, Time require for maturity was
relatively more under control as compared Lo 51 end 3

treatments and relatively lcss under 3 Lreatment,

(48

L.5 Dry matter production

The duta showliay the ellect of ga it treatments
on mean dry welighl oi sanpied plaatae b Cdeve ditverent
stages url mesn Ary weipht ol companent plant parts are

riven in Tabileg Tvy Pa, 210 00 w04,
4 ] ’

taring the tarst gumplivy (ou day s o Uber sowing:
the sall trewtments reducet the voval Jdry wepht as well o
dry welght ol coamponent plunt pnrts gipniliranlly .y dnit

trestments at bolh Lne Jove tsord lueed dey mabter product oo,
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Table 19, Meun dry weignt oi shoot wnd jlant parts irn gm
per pot (vven dry basis)

First sanpling (ol days after sowing’
. Varieties
[reatments ——— o oo e e
N 62-8 Bhima ST Mean

T T T T T eaves T
3 26,31 27 .40 2L 20 .50
3 21,48 oG,y To .93 <C .29
) 16,5 16,07 17.0¢ 17.93

Mean 22,10 02,10 D0 L5

S 21,80 20 L0 RPENAS d3.20
o 19,6 «C L Le 17,73 164,03
5 170 Te 18 T, )k 16,70

Mean 1oL S0 c1Ley 18,52

Cogpt Tuam .

3 . - -

3 bE,10 2 L&, 70 La,7y
S he 79 L, 3,30 G 3
33 35,62 30,33 31 .0d 3l 66

Mean 41,60 b3,1¢ 3o.Cn

C.D at 5% ? for Leaves Stem Cooutulium Total
Varieties N3 NS - 2.1k
Treatments 1.5 1.10 - 214

Interaction No N3 - No

NS = Not signiticant.



Table 20.

Mean dry weight of shoot z 1 plant perts in gm

per pot (oven dry basis)

Treatments

Varieties

Second sampling (75 days aiter sowing,

Mean

N 62-8

36.99
30 .40

Mean

ey e e s A Ak ey i W et e S a1

Mean

28.96

27.3C
k.27
22.76

4,78

.E.D. at

Varieties

Treatments
Interactiuns

NS =

ar o Leavey

G7. 50
P,
76,56

-

Bhima Jar -1

Leaves

39.0¢& 34,28 36.85
27.C5 24, =2 27 .2
24,29 26.07

30, &4 27 EC

31.9% 34,17
23.39 25.37
21.71 23.85

25.76

28.7¢
Caputulum
2%.2¢
2k, 21
21.1¢

20,01
16,07 22,82
18.4LC 20,74

2%, 90
T Total
107, at
M, 30
7115

6y 5

Gl 2k $8.56

71"'93
70,71

08,17
w\'_,_va RI%
T 9%

Ivo

3.59
N3

Not signitficant.

aLen Caputulum Total

Ivo 2,17 b, 0
3,0 2,17 .0
ho N N3



Table 21,

s e oot o el oy 7k i W ke e i eeae e e

Treatments

e - o e o e e e = am e g e = e we = m = e e et .

Mean

Mean dry welipnt

75

shoot end plant parts in g

per pot (oven Jdry basis)

(Third sampling (W days edter sowing)
3 t J

N H2-6

24,65
')]‘ (;f
v [P

42,72

25.77

Vérjetjés’

T T T

Mean

Cogsea

Bhima
Leaves

Mean

[ BN 7R O]

32.80

73.42
59.Ck
55.1€

Mean

2 W
- O

(75
n

h1,1¢
115,81

166,63

30,70

3

t_’c).'>

21,26

AR
PRt I
BN
23,57
3742

285 AR
O3

26,9k

26, 8
00,99

21.43

0 ¢]
(@)

38.3

27.75

n
\O
[0
O~

s v o e e = St S e = e o ot o S et - o e — S

31.98

30.9%

Caputulur

76.1¢
56.0€

'91

D

<

wn

01,
Total

146 L g

107,560

1C1.7¢

72,00
5¢.68

52.5

b e e dme b e o A e o

66,1

e e = b - - e~ . o+ Y o - W it b e W = e e o " — e -2 e

3.89
56.93

53,56

I

138,63
105,612

95 76

210
104,57

162,72

121 1

118/ 60

11368

————

C.D. at 5% P Ior
Verieties
Treatments

Interaction

Leagves
NS
2.65
N3

NS = Not sigrniticant,

Stver

)
3..6
N3

-

Caputuluy

Totai

NS
10,60

<
[
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Teble 22, Mean dry welirht ot ghoot and plant parts in gm
per oot (oven dry basis)
rourth sampling (105 days after sowing)
Varietiecs
: Mean
Treatments :
N 62-8& Bhima Jar -1
. Leaves
SC 2 .01 285.73 27.29 28.03
5, 20.65 21.66 16,60 21.37
3, 20,40 15.07 16.37 16.28
Mean 23.69 23.18 21,82
T T T T T T T Sten ’
SC Lo, 2y 43,90 1,28 L4L2.38
3, 34,76 31.95 29.86 32.20
‘%\ 31040 2G5 27.82 2G.56
Mear 1601 4,66 32.99
T T Caputulum
\_s(\ vk eU t8.83 gl , 55 £7.19
.;5 0L 20 65,51 54,80 65.17
65,31 0041 ©7.93  60.55
Mean AR TRTE ARt 67.42
B o T otal
LS( 155,56 110 ie 153,12 157 .60
3;, PR 116,12 109.53 118.76
3, 170,12 109,08 104,12 109,44
Mear 133,77 129.77 122.27
C.D. at 945 ? {or Leaves stem Capvtulum Total
Yarieties N3 2.27 3.86 7.21
Treatments 1.E0 2.27 3.6 7.31
Interacticn No N N3 NS
No = Not signil'icant.
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Table 23, Mean dry weight ol shoct an% plent curts in gm
per pot (oven dry basis)
Fifth sampling (120 days a!..r sowing
Varieties Mean
Treatments —— " 2 .
N 6¢-8 Bhima Jar' =1
leaves
o‘O 19,36 16.73 14,01 14,03
S1 1,72 15.03 11.6% 14,00
S 12.34 12.83 1C.13 11.77
Mean 15.4& 15.73 13.6C
Stemr o S
SO 38,39 LTOIRTE. 37.06 36,65
8, 31,40 20,70 26,02 S5
3, o815 e 0C 25, . 06,08
Mean .82 30,82 Y
Cupult alu:
SO 112,07 1k G2 We. e 111,06
31 GG, Y ey T, 50 e 14
S, A 73,46 71,70 VAL
Mean i 0h GGG g5.1%
Potut
b'O ToG, el T4 010 Toh, a7 164,64
3, 14,1t 193,50 113,04 1oL
32 110,00 e, e 1070713 1reL 88
Mean The 03 136 ,6 ¢ AV S
C.D. al 9% P for Leaves stemr Caputuiv  lotal
Verieties N3 N3 4, 7.07
Treatrents 1.7 3.50 4] 7,0
Intéraction N3 ) 3 NS

No

Not signiricanc.
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However, mean treztment eftecis varied as SOZ> 31S:>82

for mean total dry weight as well as rean stem weight and

mean dry weight of Jleaves.

During the first sampling the mean total dry
weight of Bhima was slightly higher than N o0Z-86 but did
not differ sipniticantly whereas both these v:rieties had
signiricantly higher dry weight tnon J30 -1, Inima had higher
mean total dry weight, due to its ma—ked ~n1 sipniricantly
higher dry weight ol stem, however, .ne v-rictics did not

differ as regurds thelir mean dry weight oi lunves,

vuring Lhe seeond sampling (7Y diys rter sowing)
salt treatments, «l bolh the lcevels, reduced dry metler
production. However, muuan treatment ellects voried as 3 =
S1 = 82 tor mean total dry weight as well as meuan dry
weights oi stem, leaves znd caputulur. Thus, dry weight

)

under control was significantly superior over both 3,

and 32 treatments.

Juring this second samplin, the mean total dry
welght of N 62-8 was slightly highe than Bhina but there
were no significant difterences, wi.reas botn these
varieties were signiricantly higher than J3o-1 and this
was due to their marked and signilicently hicner dry
weight ol' caputulum. Though the vuri-ties i1.: not differ

as regards their mean dry welghts o lecves i stem but



having higher mean values and varied in orier zs . 02-0>

Bhimg —=J5i' -1,

Similarly, during third samplings (4O days after
sowing) the salt treatments reduced tne total ary welght
as well as dry weights of component »lant parts signiticantly.
Thus, salt treatments reduced the dry matter production
at both the levels, however, mean triutment ettects varied
as 3033’81 = 52, 1or mean total dry weight as well as
mean dry weights ol leaves, stem and caputulum,

wuring the same sampling period variety N 62-€
had slightly higher values o meszn total dry weight, mean
dry weight oi lemves, ster =nd cuput. lum than Bhima end
JSF -1 which varied in order s N oc-0 > 3hima=>Jor -1,

However, the efiects did not reacn the level ol sipnilicunce,

At fourth sampling (1C' days aiter sowing) salt
treatments at hoth the levels reduce” dry n-tocr production

and mean treatment etrects varied «s 3 == 5 === f{or mean
y | :

)
L
v

total dry weight as well as mean lr. welgnt oo stem, leaves

and caputulum,

vuring the sume swrpling (P08 days - fter sowing)
the mean total dry weight as well as component plant parts
i.e. leaves, stem und capululum in N 02-L was slightly
higher then Bhlma but the eirfects 431 not rewch the level

of signiiicance, wherens both these N 0L -0 wrd Bhima were
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signiticantly higher than Jor-1 s vegards mean total dry
weight as well as mean dry weighes of stem and caputulum.
The varieties did not diller as regerds thelir mean dry

welght ol lcives,

AU Uirth sampling (120 days at'ter sowing) salt
treatments reduced dry mutter production gigniticantly,
and mean treastment er'tects varieda us SOZZDJ1ZD>32 for mean
total dry weight as well as dry weights ol lezves znd
caputulum but in the case oi stem dry weight trectment
ef'l'ects varied as SO:>S1 = SR

3

buring the [ifth sampling variety 0 52-8 had
slightly higher value as regards me-n total Jdry weight,
mecan dry weights of leaves, stem and caputulum but the
effects did not reach the level oi signiricunte, whereas
variety N 62-8 and Bhima have signi:icantly hLigher values
than J3r'-1 for mean total dry weight and mean dry weight
of caputulum. The varieties did not dirier as regerds

their mean dry weight ol leaves zand stem.,

4.6 Growth functions

4.6.1 Absolute growth rate (AGR) or crop growth rate (CGR)

Absolute growth rate was «orked out as detailed
in chapter 3 and the data showinz i:.e ellect 2. sult

treatments on mean AGH are pgiven ir Tuble 2k,
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Table 24, Mean eflect ol varieticvs trestments and their

interaction on mean IJK (glday)

Days aiter sowing

L 75 -0 90 =106 106 =120

Varieties
N 62-8 0.75 (.03 AL C.1o
Bhima CLY U.01 Gl 0. 14

JSF -1 0.70 C.03 Ul ¢.13

C.0., at Y% N NG . 0.047 0:025

Treatments

sO L.yl (.76 (3 U,

S 0.6 0.58 0,15 0.1

3, U.63 0.52 ER R C.0b

¥

C.D. at 5% P 0.063 0.066 SR ¢.C35

Interaction NS NS N3 N3

NS = Not significant.
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JLU owill be seen Drom the tunle thot salt

treatments reduced menn ASH sizrnil leantly and consistantly

with signiticant dil'l'erences betweon oontral,31,69 treatments
and treatment «Uiects ditlered &8 ﬂ't>'5l = 5 except
L5

at 105-120 days ulter sowing, where treatmont oooeels
dil'fered as 507?531’¢"32. Initially, «t 0=-" diys alter
sowing AGR vulues were higher under ¢ad iub e quently deelined
till harvest. AL u4ll stages ol croup growth, though therc

were not signiticant dil'ierences netween J} ‘nd 3, treatments

[4

under 51 treatments AuK values were olirsntly tipher than

52 treatments,

|

The muin el'tects o1 varietes were not statisti-
cally di:lerent at 60-7% and 75~GC da,s alter sowing but
having higher values of AR in variety N 62-8 as compared
to Bhima and Jaor-1. At $0-105 and 10%-120 days al'ter sowing
mean eflects ol varieties were signiiricantly lillerent. st
G0-105 days alter sowing AGR value in N 62-8 and Bhima were
more or less the same and significantly higher than JSr -1,
whereas at 105-120 days alter sowirg N 52-8 wes signiiicantly

higher than Jor-1 but gt per with Bhine and Jar-1 w

[
-

o

significantly inl'ericr to N He-f bu. at per witn Bhime.
h.6.2 Mean relative growth rute (RGR )

The dats showing the el{ce . o, sult troatments

on mean KGh ure given in Tuble &€,

D

Salt treatments reduced meon Rah i iJicantly

and consistantly at all growth phaacs, exce .l ot 78 =00 fuyo


http://sigr.il

€3

Table 25, Mean eflect ol varjetie,;, treatments and their
interaction on mean RGH (o)a)day)

Days al'ter sowing

60-75 75 -90 90 =105 105-120

———— e - e e ang e wn w4 m m b mm e o e e e

Varieties
N 62-8 0.021 0.011 0.003 C.002
Bhima 0,020 0.011 0.002 C.002

JSF 1 0.020 0.011 0.002 .00

C.D. at 5% P N3 N3 N3 8

e i = i gy = e v . . =

Treatments
SO ULy G.ole CLL033 ULl 3
S1 U014 0,011 G.00u20 0.001

5 SRRV RN U010 U.0017 v.001

—————— 4P " o e e o e s B 8 i e b e e et me e e dm w b am s e v o vh e we m = 4e am W e e am o e Ve e ew e w =

C.D. at 5% P 0,003 N3 UL.0u12 0,000

e - - e - 0 h ot o w e m m w e a wae -

Interaction N3 8] ) N

N3 = Not signilicant,
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after sowing. At initiel stutes i.e ©0-7 uys slter
sowing, RGR values were bivber end theresfter KGR decTlined
continuously upto the harvest., Sult trestments reduced mesn
RGE and treatment ell'ects dilvered as \&jt:>;% = 52 at all
growth phases, except 7¢-40 days ailter sowing.

The meir. ct'sects o verletiles were not

conspicuous Lo wullall any conciusions,
4,6.3 Meay nol o asodmiletion oty (NAR)

'

The deta showirny the elfcet of 3ult treatment on
i

mean NAR are plven ifu latle €6,

Fram the table it will be seen thot «t 00=-7% nnd

75 .90 days aller sowing NAR sigritic,ntly dircrcesed with
salt treatments and treatment erlects . iiivrered as

82 ? S1 > SO. Whercas et 90-1C05 iyys al'ter sowing dif'ference
were not signiticant, but at 105-120 days eiter sowing
treatment effects diifered es dO:> 51::732_ rrom this it
will be seen that decline ir NAK was very fast under salt

treatments than the control.

The main efiects ol varietics were not signifi-

cantly di£fercmfexcept at ¢0-10¢ day s alter sowing where

N 62-6 and Bhime was signiiicantly n cher in Leh than

J‘SL“"“] .


http://ciu.lt
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Table 26, Mean eltlect of varieties, treatments and thedir
interaction on mean Nik Cgkﬁghﬂw)

Days alter sowing

——— i i et ot < o e oy ot et s s et © o ettty ettt

60-75 75-90 G0-109 105-120

s o o i ke o g it = s m = . e % e e . e w e | - — ————— o T . i ~orena.

Varieties
N 62-8 0.069 0.054 0.027 0.021
Bhima 0.068 0.058 0.026 0.020
JSt -1 0.065 0.059 0.020 0.01%

e o o e el e e S Mo 8 . ke dp (W W S a epemm kARt s S e A e A W | v o et - e

C.D, at 5% P N3 N3 0.G055 Ns

e i e b ey stk e W e e A e Sl B e e o e e m e v e . oy e

Treatments

S 0.052 0.046 0.024 C.025
S 0.067 0.059 0.025 0.019

3 0,083 0.066 0.023 0.013

C.D. at 5% P 0,00y 0.C006Y ) ¢.0059

—— s Rt A e At At e e Aot S vy o St ot e 1% % %+ meemmwamacie me w8 swew an e = aomt o ate oy wh e m o

NS = Not signiticant,
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4,7 Yield studies

4,7.1 Grain yield

Data showing the ellect 01 salt trestments on
the final graly yleld ave given 1 Table ¢7 gnd praphically

shown in Wig, b.

The mean ertect ol salnu Lreatments wes highly
significant. Both the levels ol sd4lt trestments reduced
the mean grain yield., Statistically the eli'vcets ol treat-
ments was gignit'icent at both J1 uric 52 level and the
treatments varied in the order of 3.7:>5133”5

5

. Variety N 62-t was with =lightly higher grain
yield than Bhima but the difference oid ot reach the
level of signil'icance, whereas both these verieties, N 62-&

and Bhima, out yielded JSr-1.

The effect of interaction between varieties znd
treatments was not signiticant indicating more or 1less

similar response of varieties to the salt treatments.,

4.8 Yield components

Dauta on total grein yield were turtier analysed
for yield characters such as grein cumber per ceputulum
and 1000-grain weight, These data ere presented in Tables

28 and 29 and elso graphically shown in r'ig. 9 =«nd 10C.



Table 27,

—— —— o i - e - =

Treatments

———

N 62-8

——— e . o A" avem % o om e im —mmmm = e o m

Bhima

56.39

46 .94

Mean grain yield in gm pe-

Varieties

JSr -1

©3.21

51.27

41,37

87

~ot at harvest

Mean

L9.95

Mean 59 MYy 50,76 SR

C.D. at 5% for

Varietiuvs

¥

Treatments

i
()
gt
wn

f
e
<
97

Interaction

NS = Not signiticant.,
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Table 28, Mean number ol grains per zaputulum atl harvest

Varieties
Treatmenty e i Mean

N b2 -8 . Bhamu JAF -

S RS St e 00 22,67
S ¢0 67 21,3 16,06 20,22

S 20,33 20,00 16,00 19 bk

e > = e e e = e e e e e e T e o e e e el e e e

Megn 21. 11 21.0/ 16,59

—— e - i w—— . - PO M mrme i e vm W emmmcea e i o v e e e w4 e —"

C.D. at 5% P for Varieties - (.99
Treatments - (.99¢

Interaction - 643

NS &« Not signiticant,



Mean gram number/caputulum at harvest
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Fig.9:Mean grain number per capututum at harvest,




Table 29,

. w———- . —— vy s R emin et e W e wre e e e ot et an

89

Mean 1000-grain weight in gm at harvest

Varicties

Treamments

N 62-8

—— e = =

P

vl

BO LI
0 oL

53,

[P

Oz

Mean 58,70 £

C.D. at % V for Varieties

Treatments

Interaction

¥

NS Not signilicant,

Bhime

Mearn

J3r -1
5 6015 60,69
U H6 M9 57.90
o AR 50 .5



h.8,1 Graln number per caputulur,

The meen el fect ol salt treatm nte wes gipniti-
cunt on mean prain number, Thus both 31 nd d? Lreatments
reduced the mean greln nurber ger csputulum, bogwever, the

effect diltercd as 3, 27 . = 3

Mean grein number per capululum ol the varieties

difiered signiticuntly as Bhima = N ;ﬁw%ﬂ> Jar -1,

b.&,2 Thousand grein weight

¥

} The gsult treatments reldu-ced 1000-grain weight

signitficantly. Thus both 51 and 3, .rectments had signi-

2
ficantly less 1000-grain weight tlra:r control., The treatment

effects differed as SO::>S1::>52.

Mean 1000 -grain weight of varieties differed
significantly as Bhima = N 62-8 ==J3r -1, in general, these
observations reveal that salinity influenced both the

yield components and thus, final ¢rein yield znd these

effects were consigtently evident we high salt level,
4.9 Chemicul composition

The plunt sanples collecied on f'ive ocensions
for dry malter production studies were turther analysed
or Ny Py, hy Nu &and Ca contents,
4,61 Nitrogen content

The relevent doale are sumnmerised in Table 30, 31,

32, 33 and 34



It would be secr 'ram Lihiore results that the

main eflects of tristments were sipniticant at both 81 and

la

S, level at all occasions and with =11 plant parts. Salt

2
treatments increased 'N' content signit'icantly at both 31

and 82 levels,

At Uirst sampling trestment effect differed as

S, = 8, = SOHN552:>>S = 3. 1in the case o. 'u' content

2 1 1 G
of leaves and stem, respectively.

At gecond sampling tre: toont effects ditfered
for 'N' content ol leuves, uter o caputulum ¢35 3, 31:>
[
v e RN Cgpeelivel Lo thiix
S 5oL 3 ti“d = re S’I)‘ It Ve IY . o (
0’ 72 T i g o7 L
sampling Lreatmunt efllecls dilttered r'or 'a!' content of

S

Q

leaves, stem ond caputulum as S, 273 == ; , 3 o= S, T3
« 1 U < 1 O
and Sé:> 31::>$(, respectively.,
}

At the rouxth samp]ing preatmcnt glfecls dit'tered
as 82 = 51:>.%” d: = J{:*:%)nnd S, =\%Tﬁ>30 ror meun
'N' content oi leaves, stem ancg ceputulum, respectively.

AV 1'iUth samplinge treatment elfects dittered as
82:>>S1?>*SU, d: > J1ND"JO and J533“51:;mgb f'or mesn 'NY

content ot lepvey, stem end capuloium, resgectively,

It ey be noted that & ooy bne vepetetive and
pre-flowering stepe, 1oc, the it ani goeond semplings

salt treatmenta Intuced siprniticens tly more s coumulstion of



Table 30, Mewn pitropen content ol tenb part ;s
t 1 H

infleenced by treetne oty e cent o overn dry vasis)

tirst sanpiing (66 days ainer souwinge)

Varleties ,
Treatments .. e e e e Mean
N 6.2-8 Bhime Jor e
Leavusy
3 2,11 c. 3t 2k Q.2
O ¥
3, 2,71 3.03 3,033 3,00
S 3.4 3.9 3.0k 3.0¢
Mean 2.74 3.00 3.0
stem
SO ‘ 0.75 C.74 0.79 c.78
81 0.79 C.e8 1.1 0.%96
82 1.07 1.20 1.3¢ 1.23

YN

169

Capululury

Mean

C.D., at 9% P four Leaves aten Caputulum
Varieties No I
Ireatments (CRAY 010

Interaction NS I

‘ﬁ
[

No = Not signiiicarns.
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Table 31. Mesn nilrugen contéent oif planl parts s intiuenced
by treatments (per cent osen dry basis)

second sampling (7% days ut'ter sowing)

Varietieg
. Maan

Treatments s e e S e e -
N v2-=8 b .ima

pwar

Lewve s
3 503 2 YK 3,12 3.0k
S R LhE 1.7 3.50
S 3050 Jou3 hGo 3,65

Mean §.1 §u 3, L3

S1 1.1 .31 1,41 1.4
52 1,21 ... 1,48 1.3

Mean 1,00 1o L

Girputalum

5 TR Gl <L 2.4
Q -~ - ‘ -

2 2.57 3.0t 3,17 2.9

Sy 3,41 3.50 3.6k 3.82

Mean 2.80 3,03 3.C9

C.0., at % P tor Legves Sten, Caputulum

Varieties No NS NS
Treatments 045 c.17 0.27

Interaction No NS N

N5 = Not significant,



Table 3. Mean nitropgen oot

by Lrealments

Third sawpling (o0

m ,,
I'reatments

N o i

e e e e e -
3 SN
d@ <ail')
A 2 1!
b,} . {/
So 3.03
Mean <430
SO (1, iy
b1 1,31
32 [ e
Mean I,

VNS

i [

Il

ot avern dry

duy s

Varteties
byt
lepves

2. Vi

Gapntu o

3.0

popnt

“h

prartg wg fntiueneed
3)

L

wlter sodin

Meriy:

Tt T
ol PRV
3o/ 2.8
3.50 3.30

0 O

Mean Y $.50 3ot
&)

C.D. al 5% P for
Varietijes
Treatmenta

Interaction

o = Not sdpnin o

aLey

L Lh U
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Meun nlvrogyrern content ol

by

Table 33,

Lres timent s (per cent

Ponrtl aewpldo
Vi
Treatments W e S

(10 dey s

slant

AR

wd Y

vy dr

af'ter

1o

STt as

Dasis

b

sowity

. Mean R

S U.5¢%
0

31 u,70

S 0,87
5 UL 87

J0h
v
AT

Mean

o e e 0 e et i o

CoDo &t;

Varietieg
Treatments

Interaction

250

% P Lor
No
U,

NG

HS &« Not gignilicant.

Leuvey

B i

Legyveas

4). E? Ed
L).. _",4"

T Stam
0,00

0.e7

0.98

. el

Laputulum

1 « (;9(’
<. :ﬂ'

.:) 11 )

cz.;.tﬁ

Slem

Uy l'-)

ind Juenced

Mean

Sl
Dl

y:’l .t)'

0.5
(., 8k

0,66

2.4

Caputulum
N3
O.2h

No

2.1y
R

2t

BT
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Table 3%, Mean nitrogen content of plant parts as influenced

by treatments (per cent ove. dry basis)

¥ifty sampling (120 dsys at.er sowing)

Varietle (
Treatments e e e e e i+ et e e e HEBT)
N 68 Bhima Judg -

Leaves

S 1.73 1.08

2.35

s 2.11

S R

- L P
2

2,01

Mean ¢ 1h 2,21 2,89

L e e T T T

Mean

0

1

S
S
S2

Mean

C.D. at 5% P for

Varieties

Treatmenty
Interaction

v

Lenves

NJ
0.3
N3

NS = Not sipgnitiecant,

Uu.6h

Caput o]

1,06

2.2

Stem

Na

O s
VIRV

(), th

)

R
G.OY

(1,76

15 tity
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'IN' In plant parbs and bthe beghost oL geoamd sarpling.
However, during the Plowering, post Viowerios cod graln
devedopment stlape {.e, the third, forth and 1al'th sampling
sujt trealmenly brought about Jisticet redu-tioo in the

percent 'N' content in plant parts.

1t would be seen from vhe resully that
gtatigtically the main effects ol verieties were not
consistently signiticant with any growth slege as well as
with different plant parts, Althougl these e¢ffects did not
reach the level ol significance, ip may be noted that
varietly JSFM1 had sidpghtly more per cent N in plant parts

than Bhima and ]easfin N 6wt

In order to gstudy the cileact ol salt Ltrestments,
on uptake of nutrients, the ubsolute quantities of nitrogen
per pot were worked out and are presented in Lable 35, 36,

37, 38 and 39 lor the 'ive samplings.

Salt treatments reduced total uptake of fh!
consistently and gipgnilicantly, execept oL Virst semp)ing.
During {{rst sampling this effect wes not «iyniticant with
the plant parts viz., leaveg, stem ¢ad copntulum whereas,
at the subsequunt lour gtupes iy ilicant reduction in
Lotal quunbity ol 'hY' uplbuke was Jue to a combined eflect
of signifleant reduclion in sbsoiule quantity ol 'N' dn
cuputulum and 1t pves st vonesiZnidoant ylivht reduction

in stem,



Tauble 35. Mean sbsolute qu
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Table 36,

decaond dampl fug

Treatment s v«
N 62-8

Mean

At o v 4> oo e - e =

Mean absolute quoantity ot

Varietieyg

Bhimu

(}(}

pltrogven in g per potl

VU dass oy LLer sowing)

Mean

| a4 s o e 8 e 2 5 iaossm e
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{1, Gl

1.0k

Mean 004

J,_ 1.0

3
2

P T . e - e - - -

<Ll

Mewun

C.o, at 5% P tor Leaves
Varieties N3
Treatments 0,11%

Interactions NJ

NS = Not siguificant.,

"fd[u]

Leaves

Gy 3k

()-v:'b

1470 1.13

0.96 et

O, L;‘ly L) ‘L/}’,J

Tov

Ly (P
. G.ie
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Gl h R
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ULk |
u.? Gty

el R
1, 0 (S
<l ] o(,"‘)
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l\i 0:3

Total

0.078

0.078
N3



Table 37,

Phitd sampling (<0 day s al'ter gowing)

- .ty AR e w TP e e

lreatments C e e
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100
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__ Mean
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'/ U.0%
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Cud (a3l
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2.3 2.38
2 U
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3o du
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2, Ut T
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N3
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0.1
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Table 34,

Fourth sanpling (109 days arter s

B S N - .

Treatments

S, 04
0

S,1 () o Bt

) G,k
P
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3 v, 16
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Table 39,

Pirth sampling (120 days alter sowing)

Treatments

L e e

[P T T T

Mean

Mean 2,50 oL

C.D. at 5% P for
Varieties
Treatmentsg
Interaction

N3 =Not

TN 62-8

. e m w w

(.3
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(.33
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0, 30
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O
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I3
.13

b

O P T

102

Mean abgolute gquantity oi pitrogen in gm per pot

Mean

0,19
0.18
0,18

o i o - -

Totul

NG
0.133
N3
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The ditrlerences due to the varietlvs wepe non-
gigniticant during Clrst, third snd itf'th semplings on total
uptake ol 'N' and with plant parts viz., stem, leasves and
caputulum, The dillerences due to verieties were gigniticant
al second and Uifth sampl)ing, At second sampling, N ot
and Bhimu were ygignil fcantly supericr to J3r-1, At fifth
sampling N 62-t was signitjcantly superior to Bhima and
JSF-1, due to its signillcant highe: uptake ol 'h' in

caputulum,
4,9.2 Phosphorous content

The data showing the phosphorous content in
component plant parts are pgiven in lableg L4 b1 ,42 43 and

l""l‘l' .

rFrom the du'tu, it would be geen Lhal meun ell'ects
due to varietjos, trealments and interaction were non-
significant at all tive occusicus and with al) three plant
componentsg viz,, leaves, stem and caputulum, Thus salt

treatments did not affect P content significantly.

In order to study the eftect of salt treatments
on uptake of '"P' the absolute qusntities of phosphorous
per pot were worked out and presented in Tables W5, bbb, 47,

48 and 49,



TOL

Tuble 4O, Meun phosphorus content o  plunt parts as
inf laencaed by treatments  per cent oven dry basis)

Mirst sampling (60 days g:ter sowing)

Viri.ties
Treatkment s AR
N oo oK Bt T =1

__ Mean

e R, i Oar e N i e % 4w e e w6 e e s e s e

Ly e
S U, 6l 0,00 Ol 0.H5
8 U.w)(’z) (,‘.‘/‘,Aq“J U.,,(’) ()ob’/

82 Uhe (.0n (g0t ()ehh

&
"Mean 0.4f 00 OB
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3 - —

2 — - - —
Mean

C.D, at 5% P for leavey Sten;

—~

ceputulum

Varieties N ¥ -
reatment g N Mo -

Interaction N3 Mo -

NS = Not sgignificant,
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Table 41, Mean phogphorus content ov plant perts as
intiuencad by tpogment s (per oo U oovern ey baglis)

Second sampling (V0 days atler sowin
Vari o iey
Treatments I I AR
N 62l Bhima JO3R 1

a— —— < B e wa b o e s m mecawe e s e aereseea w4 4t mwra v M e s et v = meem o wene s = 6 e A e

Merirl

) 0,58 0,7 0,72 (WA
81 067 G, 0.70 0.69

S .70 0,70 07 0,70

Mean U Uo7l AN

Atoem

s 0.5 UL BN 0.5

Mean | h G.Qv' ’6.;1 ‘ .53
T At s
3 (7% Gt SRR (.71
51 ALY U, 7 fry o [N

S

2 G o .7 0.7
<

Me .Y Go I

Code at 506 P Lo Baves e Cuputulum
]
Varleties N.Jj N fo

Treatments NS N3 L3

Interactiong N e o3

N3 = Not gipgniticant,
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Table &42. Mean phosphorus content of plant parts as
inrluenced by treatments (per cent oven dry basis)

Third sampling (90 days aiter sowing)

Treztments ~ Mean
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Table 43. Mean phosphorus content of plant parts zs
influenced by treatments (per cent cven dry basis)

Fourth sampling (105 days after sowing,
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Treatments Mean
N €2-8 Bhima car ="
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Table L4, Mean phosphorus content oi plant parts as
infiuenced by treatments (per cent oven dry basis)

Fifth sampling (120 days aflter sowing)
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Table 45.

First sampling (60 days after sowing)
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Mean gbsolute quantity oi phosphorus gm per pot

Treatments
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Taeble 46. Mean ebsolute quantity of phosphorus in gm per pot

Second sampling (75 days alter sowing)

Varietie
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N 62-8 Bhima JSE 1 *

Leaves

o Ny T
S 0.25 .26 0.2¢% C.26
e} -
Q ~ - - ~ -
S, C.21 .16 G.186 C.i¢
H
3 r o ~ 4
Se, C.2C O.1C 0-17 voe i o
<
P N
Mean Coz C.z2 .20
"‘/\
SLEm
3 .17 ¢.1¢ CLE C.1E
" :
H
~ — - -~ - a ~ - =
3, C . U. s SOl oun:
:
3 ~o1c o 1° - s A
'D,n woe b Ue & Uoe Hd Loe 1 &
el
A ~ -
Mean C. G.ae Jae
Comtulo
~ r o7 e -4 e =
S, O 0.l N Loe
o
a ) - , a
D,} C'n't f\.“ ! {ie - s -
< AT oA I
::f o P L. : e ! 3 - .
= <
. s “4 o [a0d ol -
Mezn el Co17 [
. e - —_—
L0Te 4
- _ ~ N P SR
3 .62 0.E8 C.E2 O alm
e
- £~ Ve ~ . ~ ~
=, .t Ul L =T Toete
i
-~ o~ 3 el A} ~
oz T.ug Gt £.u2 L
) R - ~ [ag ~ooon
Meazn el Ue ot < oe

C.D. at 5% P for Leaves Stem Caputulum Total

p)
7
Vo

63
€]

Yaricties I
Treatrerts 0.036 C.C33 C.C2¢8 C.C73
interaction N3 N :

NJ = Nol sairniiicant.



Table 47,

Mean absclute quantity of phosphorus in gm

Third sampling (9C days after sowing)

per pot
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Varieties
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Table L48.

Fourth sampling (105 days after sowing)
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Mean absolute guantity of phosvhorus in gm per pot

Treatments
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Table 49. Mean ebsolute quantity of phosphorus in gm per pot

Fifth sampling (120 days after sowing)

; jetie
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Salt treatments consistently and significantly
reduced total uptake of 'P'. At all five stages reduction
in total uptake of 'P' was due to a combined efiect of
significant reduction in absolute guantity of 'P' in all

the three components plant parts viz., l=cves, stem snd

. . b + Fag ol B IR o B e e A i o) +
czputulum. The treatment eifects diiilered significently as
= = = Py - — Ty — - S “
S, 3, = 5. Tor =11 three compornent plart psris znd totel
. P
- - —~ Il | - - -
uptere ¢cf P?' gzt all five cccezsicns.

- , .
L,o.2 Potessium content
™ I T -~ P - . . + =
-he dalgs SnNOWLlRE Tne poizsesium ceonternt irn

component plent parts are g£iven in Tables 5C, £1, 52, £3

~ R PN 5 = - S - e
~ontent significsrtly in 2l: trne clznt pazris encspt zt

PR -~ T o o mme, AL DT o ~ E e e - TV m e s e e e o= -
13I1T0 3ampi€ wWRere QLI ET-ILC83 LN CuS€ . TLToI wers It

signiticant. Salt treastments reduced 'K' content signifi-

czntly and consistently at both S1 and 32 levels, High

level of salinity, in genera), reduced ':' cintent. The
order varied as SC?> 3.~ 3, ant eliect being marked in
| <

czputuium, ster end legves, re.pécilively.
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Table 50. Mean potassium content of plant parts as influ-
enced by treatments (per cent over dry basis)

First sampling (60 days after sowing)

Varieties
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Table 51. Mean potassium content of plant parts as influ-
enced by treatments (per eent oven dry basis)

Second sampling (7% days after sowing)
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Mezan potassium content of plant parts as influ-
enced by treatments (per cent oven

Ty
4

basis)

sampling (90 days after sowing)
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Varieties

N 62-8
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- Leaves -
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Mean potassium content of plant parts as influ-

enced by treatments (per cent oven dry basis)

Fourth sampling (705 days after sowing)

-~
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Mean potassium content of plant parts as influ-
enced by treatments (per cent oven dry basis)

Fifth sampling (120 days after sowing)

Treatments

Varieties
Mean
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Table 55. Mean absolute quantity of potassium in gm per pot

First sampling (6C days after sowing)

Varijeties
Treatments ari Mean
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Table 56. Mean absolute quantity of potessium in gm ?er pot

Second sampling (75 days after sowing)

Varieties
Treatments ~Mean

N 62-8 Bhima T30 -1 .

Leaves
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Varieties .
Ve
Treatments ' - - Hean
N 62-8 Bhima Jar-1*
lLeaves
SC 1.64 1.73 1.57 LB
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Mean absolute gqguantity of potassium in gm per pot

forth sampling (105 days after

sowing)

Treztments

Varieties

N 62-8 Bhima « JSH -1
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Mean effects due to varieties were non-signifi-
cant at all five occasions and with g11 three pliant
components, except at first sampling where varieties
significantly differed for ;K‘ gontent of leaves. In
generzl, though the differences did not reach the level
of significance ihe variety X\ 62-8 had higker 'n' ccntent

and JSF-1 had least out of three.
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centent and this effect was szgnificent wit: al. cisnt

~d

dirfered signiricantly, excestl =t trhird sampling Icor toteal
! upleke where dirference wes not statisticglly signifi-
cant. The difierences due to varieties were significant
with component plant parts viz., lesves, stem and caputulum
at all five occasions except at third sampling where

difrerence were not statistically signiiicant {or stem.
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Variety N 62-8 accumulated more ‘'K!' as compaired
to Bhima and JSr-1 wheress J Sr-1 accumulated list of 'K!

as compared to both at all the {ive occasions.
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4.9,k Sodium content
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The absolute quantities oi sod.ur uper pot were

worked out and preserted in Tablcs 5, oo, ., 0L and 6.
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Table 60. Mean sodium content of plant parts as influenced
by treztments (per cent overn dry basis)

rirst sampling (6C days aiter sowirng)
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Treatments i ____ Mean
T L o T . 4
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Table 61. Mean sodium content of plant parts azs i
by treatments (per cent oven dry bzsis)

Second sampling (75 days after sowing,

<
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Table 6Z2. Mean sodium content of plant parts as influenced
by treatments (per cent oven dry basis)

Third sampling (S0 days after sowing)

Varieties «
Treatments Mean

N 82-8 Brima JSF -1
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Mean sodium content of plant parts as influenced

Table 63,
by treatments (per cent oven dry bssis)

fourth sampling (1C% days aiter sowing)
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Table 6L,

Mean sodium content of
by treatment (per cent
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plant parts as influenced
oven dry basis)

fifth sempling (12C days after sowing)

*reatments
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Table 65. Meen ebsolute quantity of sodium in gm per pot

First sampling (€C days after scwing)
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Table 66.

Second sampiing (75 days after sowing)
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Mean absolute quantity of sodium in gm per pot
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Table 67.

Third

sampling (9C days after sowing)

Treatments

Varieties

Mean absolute guantity of sodium in gm per
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Table 68. Mean absoluce quantity of sodium in gm per pot

rourth sampling (105 days after sowing)

Varieties
Treatments _ — Mean
. 0
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~ - ~r . o~ ~g
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Table 6. Mean absolute quantity for sodium in gm

Fifth sampiing (120 days after sowing)
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per pot

Varieties
Treatments —

Mean

.
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Salt treatments reduced total uptake of 'Naf.
The mean effect due to treatments wes significant during
first, second and fifth sampiing Ior total upteke of 'Na'

whereas at third and forth sampling results were stetisti-

-

celly non-signiricant. Heduction irn total uptske during
Iirst, second ancd rirtn sampling wes due to a significant
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e i% VU e G
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7oy 7> ozna M.

A -

~L Wou.L
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be seer .rom -

PO S0 [ —

La lnzl Tne mezn

f
4
£

efiect ol treauments was signif'icant at al. rive stages and

with all three plant parts. Salt treatments increased 'Ca!
content signiricant.y and consistantly with signiricant

dirferences betweern >q ard 62 levels at all rive stleages

P , . . . Vo .o -
ans 1n Jenerzs . order aried us oS, L, o, .
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The mean eftect due to varieties was non-signi-
al]l five accasions and with plant parts except

sampling, where 'Ca' uptake ol leaves of varier;

#
) 3 3605 3 oY + T - e
J3r' -1 was significantly higher than N 62-8 and at par w.in
s
Snimz.
-n€ aDSDIWTE guantliilies 0i calclum per pot ¥are
o 3 - + i 4 MTe ™3 Ly} =4 ~ 7m0 m -A 7
workel out and presented in Tsbles 75, 7o, 77, Y& and VL.
> - ~ - 3~ 3 - e S P T+t ' 3
321t itresiments reduced total upte:qe oi 'Ca’t.,
"he mean e€liect due To treatments was signiJicint during
all stoges an ith all three Zignt component oo us as we
a-_. STages and WIln a.. TaATeEe puanit Compo DU LiiTLe as we o
as wotal "Za’ uptalic, Mezrn e@lfeotg Adfered conzistantiv
~ 5 . S A e T, . iy . : 2 5 o~ . a4 — e T
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i <
these are differei =z=s 3.3 o - SR . e
these are dlifercd =z=s Sn S >02 at ai. the {ive siuges.
Mezn efir'ects due io varietles were not sign:licant
P e P - 3 oy~ ~ 3 + = =30
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trhe iive ~7nz3ions excesl atl the Jourth sampling wn=res Lo
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Table 70. Mean calcium content of plant parts as influenced

by treatments (per cent oven dry basis)

First sampling (60 days after sowing)
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; egn
Treatments } 2
N Bhima
— ks bk
Leaves
o~ - 4 -
S 1 i .89 Lt
-
- ~ 4 -
3. = .11 et
i
Q -~ biny A Ag -
S PR Coec i Fapy S
<
L - ~ N
}"':a“ :.l [
stern
~ Fat n fong :. il
3, C G.58 R
/ p
-~ ~ L - T
J . i ‘7\‘4 P
i
Rl o ."7"‘- e ~u
O L Uel L. /-
<
[ . ISR
=i . .0

P

Caputuiu

-

fol

-

i - —
.
o)

< - —
NMear,

a Q

n PR P - ~ ~
iregagLreni s u.Cfc
- . R 2t

nter L Ior. INO
XN e .
D= D Do Sla uf ant.

asutuium



140

influenced

42

calciumr conten
treztments (per cent cvern

Mearn

Table 71.

sis)

ba

ary

5

o

)

ing

aliter sow

°S

a
a2y

Is.
[0+

—
[y

Second sampling (7°%

ieties

Var

m

¥
o
0

=%

~==Ves

¢-
.

(@)

Y

[AR]
[N

s

o i

(@]

[y

- . i

s

W
42
’n

Ry

-

0

8

ry

1
«

Y

Y
.
L)
(¥}
N
)

)

B

-t

3

-3 [

(3 e

] "

) Val
F‘
.
.
Y
6]

"\

N
v

AL

0
N

(N

9
«

P

Jum

-~
S

I
-3

w
(@)

Stemr

.
D

1]
C

]

)

.-

letnics

Var:

N



Table 72.

Mean czlcium content of plant parts as

by treastments {(per cent oven dry basis;

Third sampling (90 days after sowing)

<
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Table 73. Mean

calcium
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Table 74. Mean calcium content of plant parts as influenced
by treztments (per cent oven dry basis)

x|

irth sampling (120 days after sowing)
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Table 75.

First sampling

(6C days after sowing)

14l

Mean ebsolute gquantity of calcium in gm per pot
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Table 77. Mean absolute quantity of calcium in gm per pot
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Teble 79. Mean absolute guantity oif calcium in gm per pot

Fifth sampling (120 days arter sowing)
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5.. DISCUSSION

In the investigations to study the efrect or
salinity on various aspects of growth, yield aznd yield
attributes, physiological functions and chemxicel compdsi-
tion oI three varieties of sai.lowsr was zss:ssed, tke
ect being ¢ understand the Ixnlluence oI 3aliniTy

o saiiiower varieties inm TeTIs i ETOWIL TE: LT
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LIve sz 2 Sglinlly nNamely o, 271: o~ ®EREF o.Tl DT TS S
i —
-~ > ~ - + e o~ -~ e e - - P
cer o, TEespeCoively a8l RNarvesl LISl T200 0 T L
- fa + P
moderzte salinily stiress,
N - N
E - P i IR g~ P
ADpolluTi0n O. 3S2iLs Lo Sall iOwerT T . LelTresseE
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g — - - -~ * o o - - - [
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with salinity treatments, it resulted into decrezsed leail
area (dm“) per plant and leai ares duration. The fhnu&*fhg
period was delayed by ¢ to 6 days, while the m=turity of

the c¢crop was eariier by ¢ to ¢ days under sz. i1t

treztments, Similar results were reported o rurian and
- . NaIsh) - N v S iy FY - J IRV < . ~e s 4T - v
lyerngar (1972) and _rwing el al. (1256 ) ir zelllower crop.



Plant samples collected at rive occ sions,
strating from 60 days alter sowing at 1% d=, s Intervals,
showed that total dry weight ol shoot was reliuced signiii-
cantly. Reduction in dry matter by salts was due to combined
=z .ect i signiiicant red__lIZm I ZomSonEn
2t aii the {ive gccasicons. 1T Is noteworipny 1ozt salinaly
gilects were much aronouncel Jn Tuputulum weliint fosijowed

H + + 4 e - —~ - e < N - - T o e e
Dy What in ieaves al ear.y 3uage =nd In 3tem 527 L2187

wt

cart reduction ci leafl rmmmber, mut =2t grzin develispment
stages reductizsn in lez!l we

EP A - Al 5 3 - = 3 = s - —
eiieet 01 reduction In i&m. mmher g5 weil as reduction 1o

in depression of leal weignt during grain 12ve_lopmernt stage
may Iurther have alfected grsin Zi:!ifmg and trus finsl
1000 -grain weignt and I'imm: grein yield, 3imilsr resul
were reported by Jznardhan et al. {(1¢5o., 221ii et =1.{1GEE8,

and Xurian and Iyengar (1972).

It has been reported by Astri et al. (1974) that
in safflower, the number of caputulum, seed rumber per
caputulum are the most important yield contributing

characters. In these studies, decrease in mean grain yield
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was by 16 and 3C per cent at S1 and 32 levels respectively,

N

indicating relatively more adverse efrect oI =
yield. Out cf the three varieties, N 02-8 mzintzined

nigher yields under the control as well as at both levels

varieties w=s 2, 2= in N £2-E, G5, 30 in Zkiwe 2ri 1%, 2T
om J3r - 2T 5, 8nd 3. levels, resgectively. o,
=

econsidering gsroduective gbiilty ol the var =i f: s we__ &=
relziive cecrewent In yield, &5 the criterii LIT 3=_7
tolerznce, variety N o2-8 can be regarded -5 iy Ts Lo.eTEN
a5 COXpared Lo Shima =ndG Jar -t whereas Jar-t J: la_ vl
LrliSrant T oszlinniy.

ATz .v325 0i the efllects 0! salilnz.. -0 .- -
atiripules «1:. Ivriher show that trese ci:r» ~ilers .=,
number oi cgpoutuaum, seed rmumber DET CmpLlulun cond 3l

zgein thesc 2l s:T were signiiicant at nigh ieves 51
3z_.Irity, 2 . Tress Characters contributed towsrlz the
grein yFizlZ. Thiz, i relztive Dasis 23 w-ll 253 mlollnls
ceiis STl mumzzoand 00 -grain welint . Tl M Co-o

whereas J3r-1 suifered more in these characters as compare
to N 62-8 and Bhima. Therefore, the decrease in vield
under saline treatments may be zttributed to ine reduction
in nvmber o cazpultulum per plant, reduciicy zn lhe yieid

~

ol seed per ncod =nd tne 1CC-prain weirn.
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<+ "+ :. Francois and Bernstein (196%),
Janardhan et al. (1986) and Patil et al. (1986) reported
similar observations for different varieties ol saiflower

under saline treatments.

It is generally agreed that salinieztion with
NaCl indu:ces sccumulation of Nitrogen in plants Pearson,
{16599} Gauch =nd Wadleigh (1942) whereas CaCl, reduces N
in plants {Gzuch and Wadleigh, 1942). In the present
studies, szlit treatments cause considerable dilierences
in the content of mineral elements in component plant parts
oi the treated plants. With increase in, NaCl and CaCl,

Al

n the experimental pots the concentration ol Na ¢

M)

nd

i

’.J.

levels

e

Ca in the component parts ol iLest pianis wis g. sl
increased. Heikal (1977) with sartlover plant reported the
similar results. Lurmin et al. (1964)with vegetable crops
reported that sodium increased progressively with ssline
irrigation. ¥rancois and Bernstein (1964) with sunilower
leaves. Asana and Kale (196%5) with four varieties of wheat
indicated that Ca' content appreciably increased with
increasing salinity. Kurian and Iyengar (1¢72) z1lso reported
that 'Ca' content of safflower plant increzsed with saline

water treatments.

The 'W' content oi component parts 0i salilower

plants increased progressively with increase In solinity

levels. rurien ernd lyengar(1972) and deixsl (1¢77, reporied
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similar results in safflower plants. Berstein (1%62)
reported an increased nitrogen content of plants at high

levels of«NaCl.

The effects of salinity on 'P' content of the
test plants were non-signiricant. This is similar tc what
was reported by Heikal (1677) with safflower planis znd

Kaddah and Ghowail (1664%) with mzize.

The efrect of salinity on 'K' content ol component
plant parts were signiiicant but here the interesting thing
was that with salinity levels 'K' content progressively
decreased. Siwiler results were rejorted by Heikal (°377;
ir snfflowver plante. The Arastic efvect o’ ==21irityv wnas
also repcorted by Kaddah and Ghowail (1G664) with maize tops
and Mehrotra (1971) with some agricultural crons. The
reduction in 'K' content may be due to the high concentration
of czlcium in culture mediess as repgorted by Allison (196L),
who reviewed that high concentration of 'Ca' may restrict
the uptake oi 'K' by beans and some carrot varieties.,
Janardnan et al. (1986) reportea that a comparatively Icower
accumulation of Na and relatively higher content of -7 in

the leaves w.s c¢ssoriated with salt tolerance.

Uptake of N, P, K, Na &and Ca was signilicantly

decrezsed with salinity levels. As uptake ol these elemenis

was more cliosely relzted to the dry welirfnis ol vearlieties

k-4
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under salt treatments, there was decrease in the total
uptake as dry weights decreased significantly with salt
treatments., Though the mineral content except 'K' increased
orogressively with salinity the effect of dry weight on
total uptake was more and therefore, there wes decrease

in total uptake of nutrient with =zz_“nity treztments. The

o state tk=t the response of

]

above discussion perrit
plants to influence saits depends on the degree of

salinization of the substrate and the degree of sslt

tolerance of the plants.
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6. SUMMARY AND CONCLUSIONS

A pot culture trial, with a view to carry on
physiological studies on the effect of salinity on the
growth, yield, yield attributing characters and chemical

composition oI saiflower, was conducted during the year

1588-8% at Central Campus, Mahatma Phule Krishi Vidyapeeth,

A pot culture experiment was cornducted on three
safllower varieties viz., N 62-8, Bhima and JSr-1 under
artificially salinized conditions. Sowing was done on 8th
Nov. 19€8. Salinity was created by adding NaCl and CaCl2
in equal proportizn by weight, that is &, (0.1%) and S,

(0.2%) levels along with control SO' These treatments

commenced at 30 days af'ter sowing.

The periodical growth observations such as height,
number oif branches, number ol" lezves, leal urez etc. were
recorded at an interval ol 1% days starting r'rom 30 days
after sowing. Similarly, studies on dry matter znd growth
functions were carried out by collecting the plant samples
at an interval of 15 days, starting from A0 days after the
sowing. Chemical analysis was also done simulteneously for

these collected samples.



The following conclusions were drawn Irom the

above experiment :

1. The salt treatments, in general, depressed all growth
aspects namely height, number ol branches, leaf number,

leaf area and dry matter production,

2., The salt treatments delayed flowering but enchanced

the maturity.

3. The salinity levels 31 and 52 reduced the mean grain
yield by 16 and 30 per cent respectively. lhe degree
of reduction in yield was more i J3r-1, I'ollowed by

Bhima and least in N 62-8,

4, The growth functions AGR and RGE were reduced with
salt treatment and also with tim2 but LAR was more
under salt treatment at initial and decreszse in rate
was very rapid, under salt treatments with increase

in time,.

5. Salinization tended to increase per cent N content of

all Lhe plant parts at all t'ive occasions, but total

uptake ol N was reduced by salt treatment at all

occasions except at first sampling.

6., The eticet of salt treatment on 2 content of plant
+ R

parts was nNon-sig.... 2777 -8 -7 Jl.¢ suages but total

uptake of P was signiticantly reducced with salt Lrectmonbs,
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The salt treatments, reduced the K content of all the
plant parts at all five stages and also reduced the

total uptake of K,

Salinization tended to increase per cent ha ol all the

plant parts at all five occasions.

The salt treatments tended to increase per cent Ca of

all the plant parts but reduced the total uptake of Ca.

Considering productive ability of the varieties as well
as relative decrement in yield as the criterion for
Salt tolerance, variety N 62-8 can be regarded as more

tolerant as compared to Bhima and J3F -1,
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