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INTRODUCTION

-

_ Salinity is one of the acute problems faced by
agriculturists throughout the world. In India.:this .f

sy

_problem has taken seriOUS dimen51ons with the introduction

[ AR A B 'h.m. . o

'of canal irrigation, especially where the Water table is
L.r

high and underground water is of poor quality._ In fact

about 7 million hectares of land is influenced with salinity

in different parts of the country, of. WhiCh 5. 25 000 hectares-
exist in Haryana State alone (Abrol and Bhumbla.1970)

The ability of the plants to withstand excess soluble
'salts in the rhizosphere 1s of great interest to agriculturists
in the semi—arid and arid regions of world. It affects almost

all the physiological and metabolic processes in the plants
| in an adverse _manner. waever, the exact mechanism of. its
. action is not yetwfully understood.“vMoreover, very little
work of this kind has been done on frhit plants. -

Deleterious effects of saline conditions on.plant
'dgrowth in general are attributed to (i) increase in osmotic
‘ pressure of the rooting medium (ii) specific ion effect o
and (iii) decrease absorption of some essential nutrients.
The extent of injury done to plant by salinization‘of e
medium varies with the type{of predominent ion, their
concentration. the physiological stage of plant growth at
which it is exposed to salinity and the plant- species.‘

'I‘here are. very few tropical and subtropical fruits
like guava which have good salt tolerance.This fruit can be

grown on marginal land with less care and:can withstand



~drought conditions well. ‘It is also a fruit of-high
nutritive value particularly in relation to high vitamin C
content. It is also a good source of other vitamine,

minerals and’ pectin. Although, an important crop, very:
| 1itt1e ﬁdfk ﬁee been done oh the salt t0letance of'gﬁeva.
especially with reference'to its physioiogicalnbasie;"
Moreover. reclaimation of salinesoilmis‘a'loog‘te;m":
process and the immediate solution 15 to grow salt tolefent'
crops in such soils by evaluating the ~rapid method of -
screening the salt tolerant crops under such conditions:

It was,therefore, thoughtworthwhile to study the’ effect

of various levels of salinity on guava ‘plant with- ‘the - 7
following objectives- ‘

1. To determine‘the salt tolerance limit of - guava to

"jchloride and‘sulphate_types of salinity.

Z.darTo study thedspecific ion inJury due to sodium.'

| chloride and:sulphate ions. | | 'j AV
3:'»1To study the“nutritional 1mbalance associated Qith salt
: damage. d W | '

4. jTo stud§ the metabolic disturbedces caﬁeed by:selte

| | and_theit_relatioosoip with growth:anddevelopment

of-guaVa. oy
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REVIEW OF LITERATURE -

'1,The1iferature,qnfhe;effects ofdsalt_streSSign:plaﬁt
-grOWth andfdeveiopment}g?hYsiology and metabolism,hae‘been
reviewed laying main emphasis: on the ﬁaramefersgyhichxare_r
._Closelygrelated;to,the~subjecﬁ of present studg.‘Loughridge
(1901)*poihted out'that the‘different:planf specieejwere__
_able to tolerate different salt concentrations.‘ ﬁe further

- 'm’
reported that fruit trees are relatlvely salt . sensitive as

_ compared to. cereals and forage crops. Since then a great_
"deal of : research work has been conducted and éxtensively
'lrev1ewed by ‘many workers (Magistdd, 1945. HayWard and .
Wadleigo.1949.f$rnold{'1955,gBernstein_and,Hayward,195§a
Asana, 1961; Bernstein, 1962; :Slatyer,1967; Levitt,.1972 and
MaSSnaad'Hoffmana 1977j43;waever, nofone;Has-paid%anyd

: affentiOnftonaiihify.aspectgof guava except Gupta'andf‘i t
.Bﬁambota*(iQGB)‘w'The workfdone on varioﬁs CréPSL;?iih: |
special emphasis on. fruit crops., is,reyiewedcuaderitheéis;

following heads. .

_Relative:salttto;erance of fruit crops.

«t_jThetresponse;of yariouSLplant-species.and edep,garietiesc'
ostome-speoies:to_saline cohditions;varies..The Variefal |
-_dlfferences in some of -the cases have, ‘been; found to be qu1ted
significant (Ayers,1952,,Bishnoi and: Pancholy.1980 Malik
'et:al;.?1977' Puntamakar"etmal.. 1970 and Udovenko.1975).
'Magistad and Christiansen (1944) found that fig, grapes and i
olive. were moderately salt tolerant, whereas, citrus,xapple |
:pear and drupaceous fruits ‘had low- salt tolerance. Fruiti

crops have-been‘classifieduinto three»groups;viz.ihighusalt¢a'



tolerant,.medium salt tolerant and hichly salt‘senSLtive
crops (U S.;salinity 1aboratory staff 1953) Date-palm

‘has the highest salt tolerance pomegranate, fig; olive and o
. grape are-medium salt tolerant and‘apple,rpear? orange{ -
grapefruit, stone fruits, strawberrf;:legqn-éhd atocadomare
i.highlylsalt_sensitive;cropsfo Great yariationin_the salt
.getolerance}of;fruit crops;have alsobeen-reported by Avon.'

: 1953;fRocha;anlelores;=1§58} Ehlig and Bernstein.1959 and

= Vander~Berg,1950.¢ Oganesjan (1953} reported that

Z. ju jubae-andeunica granatum as most tolerant species.

whereas Diaspvros kaki is reported to be least tolerant.“
Raheja (1962) gave the order of tolerance for sensitive;
sceltrus crops-i e.-Lemon:>.&weet lime:> Nagpur oranges.
Ivanov (1969) observed that .on saline soils,_apple grew
better than. pears and . of the -stone fruits, apricot:
~myrobalan, and-sour cherry grew well..plum.worse: and-sweet
" cherry ‘and peach poorly. aneSJan (1953) found that the
concentrations of total soluble salts which proved fatal

- for apricot and,apples_were;? and 112'pericentjrespectively_d
-Almond, plnms;pears resenbled apricots,*whereas, peaches'
resembled apples in. their salt tolerance 1imits.1Bernstein

(1965) has also given a.list of limits of chloride tolerance‘p

and critical salinity levels for deciduous, and sub tropical

' 'fruit'trees.ﬁ Desai (1975)'reported that guava plants can

survive well under sulphate -type of salinity upto 0 525 per
cent salt and under chloride and carbonate type of salinity

upto 0. 350 per cent salt Makhija et. al. (1980) reported that
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six months old- seedlings of ¢ guava could survive well under

salinization upto 7.5° mmhos/cm whereas ‘at '10.5 mmhos/cm only

cr o I

B e T

75 per cent of- the seedling survived.

Relative toxicity qg ‘different’ constltuehtsLoffsalihefsoilsd

“The'excess”SOIUbleWSSltséﬁost fredﬁéhhi& fgﬁnd“ihtééilﬁé
soils;‘consiStsfof'catlohsesddlum. calcium,:magnesium and e
anions:=‘chloride: and sulphate. The toxicity of salt is*d
directly'correlated‘to*their’permeabilltyAinto the cell. So;
every‘salt*has3a”di3tiﬁctﬁeffect'on the'plaﬁt;' Sargeev (1953)
arranged salta according to their adverse effects on. seed
germination'in-the'following rder, Na2CO T~ balanced solutiond

o= Na01:>-Na2804 o Strogonov (1962) reported that carbonates
are- much more toxic than chloride and sulphate. However, soil
salinity ‘is usually caused by chloride and’ sulphate. Therefore.,
the WOrk .done on'- its specific effects on fruilt crops. ‘is - T
reviewed separately“in'the“following pages.‘“dﬂﬁr"* T
' chlorideg'bh;*,e}‘;ﬁ; f;cl\urjﬁ; o

Chlorlde’isdblamed’more freguentIY’thau;ahyﬁother'iou.

for -the - severe injurious effects and plays major role in.i:“':
inhibitlng growth ‘of ‘plants’ on saline soils. The chloride limits
differ in different fruit crop5f- Brown et al.- (1963) observed
that chloride salt Was more toxic to peach and other stone'ﬂh
fruit trees. Sideris and Young (1954) observed terminal leaf
necrosis in pineapple “due’ to chloride. Leaf burn ‘of avocado
duedto.chloride accumulatlon has-been reported by Fenn et a;.
(1970) . Salerno“(1975)*reportedlthat chlorlde“caused tlpjdrﬁlag}

--------



. in citrus trees.- Pandey et al. (1971) reported the:; leaf
_scortch of mango due to: excess of chloride. The: incipient
chlorosis,daccompanied by burning and drying of leaf margin
iin mango. is. produced by chloride 1njury (Bhambota et E_.,1963)
The sensitiV1ty=of Sennaa(Cassia SPp- )=was.correlated-with
; the: high rate oF: chloride HCCUmulation in the tissue resultlng
in. specific chloride injury (Ayoub 1977). Makhija et al.’

.(1980) :reported: that increasing concentration of chloride

were. 1njuriouswto ‘guava plant. i %iag
Sul; hate_”&ﬁ‘;jtil;ﬁgs ;5;;515 L h o ehar e ey

i -uSulphate.ionslaremusually.1ess toxicAthan chloridelﬁ[
to plant . ( Thorne and . Peterson,1954) .The . appliCationgof:x
Oy ‘gas. to vines; caused leaf drop (Rulz.l969) Gupta andgéi
Nauriyal (1973) observed tox1city symptoms ‘of - sulphate on,
grapevine under higher sulphate treatment. Older‘leaves were
affected'first and abscission'of foliagefoccurred as:soon as
‘nearly half of the 1eaf margin developed necrosis. Ehlig |
(1960) - reported magne51um deficiency in grapes with high
sulphate_concentration. The injurious symptoms of sulphate
in mango have‘been-reported;wlt caused slight.darkening and'
browning at ‘the tips and margins of the=1eaves. often;‘cnﬁ“
encircling the entire leaf (Bhambota et al., 1963).. Divate
(1974) observed loss of dark green colour in the grape: '
_leaves-subjected.to high_suiphate concentration.

Sodium v s Tor o no e oy imlaaiu

T T S S T

Large amounts of sodium in the soil . is toxic to plants
and aoversely,affects1thauplant;growth. aSodium;exerts;‘_sf:_

'secondary'effect on plant growth through adverse structural
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modification of soil.7 Appreciable amount of Na on the 5011

l "_]‘A:Tl\; e ' “ .,“% '."""“

_exchangeable complex makes it dispersed and puddled. thereby

3 ."1‘;i g _,v.a,,.

causing poor aeration and low water. availability (U S.salinity‘

vh B ER S

lab 1953) Martin et al. (1959) reported that 13 per cent
rexchangeable sodium slightly reduced the growth and injured
:peach seedlings. Smith (1963) observed the decline of orange
trees with the accumulation of SOdlUm upto 2500 ppm in 4-5
month old seedlings. HayWard and Wadleigh (1949) reported

that the accumulation of sodium in the plant may be associated -

k

accumulation of other cations to

with a depression in the f
i v Tl
_the extent that their'content may be below adequate levels

........ ‘_"

and an unfavourable cation balance may be built up. Symptoms‘-

doie g

of Na‘ injury in fruit plants include ap@earance of chlorotic

[ S

areas in leaves (Lunt, 1966). Ayers et al. (1951) have o
ek oy

f‘described sodium scorch of auocado leaves. Black (1967)

-~ - n
A| -t

noted leaf spot damage in avocado due to excess of sodium.

4 . u LI T

Bernstein (1965) reported that in Citrus,'sodium toxicity :

o iy wroat

.......

'caused well defined leaf necrosis. Harding et al. (1956)

-, SRy ‘-~_
i ( ket

..correlated leaf burn and defoliation symptoms to sodium

toxicity in citrus. In apricot. Halsely et al. (1958)

oy l u»-“ e T " -

observed that sodium scorchn is associated with curling and

L AN Yoo

burning of leaf margin.l Petrosjan et al. (1967) reported

',‘"1 PR v & 5 x'!: ol

that pomegranate and quince showed relatively resistance to

. g L, - -
. . 2 . H > - ""\ o B "‘ o . AT H L
oand Ly S PO S . BTN SOt B T S E R ST

Na salt. o -
.Physio gical basis of,growth inhibition ate to salinitﬁ e

can e e -

Substrate salinity affects plant growth in two days._

(1) by,increasing'the osmotic pressure of the media(Bermstein, - .



=2

'1961, 1963,_Sands and, Clarke.1977) and (11) by disturbing

e

the normal mineral nutrition of the plant {Strogonov et al..

_1970)- However, different views have been put fOrth ol Tﬂ;‘
Sernh :-_v .
explain the detrimental effects of salts on Plant growth.

e ,..

Reduced growth of plants under saline conditions is caused

. - s

by osmotic inhibition of Water absorption, toxic effectshof

;

1on, nutritional imbalance, production of toxic substances

within the plant and many other i1l effects on plant

\‘ b

metabolism. According to Water relation theory due to ] )
increased osmotic pressure/%oil solution, availabillty of

water to plant is decreased.. This theory has been supported

ter

by Eaton (1941) Hayward and Spurr (1944). Wadleighmand Ayers )

(1945) and Danielson and Russell (1957) But these results

AN b

do not. reconcile with the reSU1ts of Philips (1958), according

to whose theory physiological drought" develops when

i,

'solution cannot penetrate into the cell. Salts penetrate

“"s'

into the cell, cause an 1ncrease in the osmotic pressure of
Fame ( -F|

'cell and hence increase‘in water uptake. Inhibitlon of plant
S als . S

growth under such condition is explained by him as being due

to toxic effects of salts.

-”_Both nutrients and non-nutrients are absorbed by the'w

plant under salinizatlon so as to keep nutritional balances

-/...-. ‘.

‘but the non-nutrients are an unnecessary ballast. The

,;n o

S
: .

;penetration of these salts into plant is mainly limited by the

roots. Howeger, the permeability of root tissues to determine

_the salt resistance of plant is maintained upto a certain '



flevei.;beyondgwhich:aTsort~0f;salt burétroCcurs;‘thereby

4 ceu.'s'ing’-' poisoning and ultimatély death t6 plant’ (8¢ régo nov.
11962) ¢ :Strogonoviand Ostapenko (1946) demonstrated that
“salt: poisoning is a result’ of / accumulation of toxic
'intermediates;fi.e;faccumtletion of nitrogenous~substanceé
“like: ammonia and: H,0, S Petre's"c ine accumulation’in the“plant
org&ﬁs*has”been‘repbrted byiStrogonov7and%5hev§éko§a (1§61).
A unified theory of salinity‘has been - put forth by 0 Leary
5(1971)¢ according to Which. ‘the resistance of roots to’
”water flow. increases 'in plants grown' on salt‘solution #;w
decreasesyhormone‘deliveryethereby, hormonelﬂbalance~is?'”
:distﬁrbed-in leaves. = It ieireflectedﬁby increesed*rigidity
ofeCeliﬁnalie..Dnringwthis?tiﬁe plantTaCCUmnlates solntes
and osmdticipressure of"cell?Sap is increased éppébentlﬁ
'ﬁ(osmotic adjustment) which mainteins the osmotic gradient
‘necessary. for water absorption. ‘ﬂéﬁ} wun A1 Atz sl

.Effect of salinit; on qenninatlon,_growth and development

aj, _ Germination-_,_ Fruit plants are more" sens:.tive dur:ing

germination and’ emergence than at later stages. ‘of" growth.
waever;'salinity delays germination at: lower levels,-whereas.
, at higher levels, it reduces the final germination percentage;
as’ well (Ayers and Hayward 1948 BhUmbla ‘and Singh, 1965,
Bhatti, 1972‘”Malik°et*a1%,1977: Hassdn-Porath'et al%31972-”1
Odegbaro and Smith 1969, Panigarh et’ al.,1978 Prisco et- al.,;
1978 Thomas and” Iyengar,1971, Ungar.1974, 1978, Ram.19?9,

' Bishnoi and Pancholy.1980) These effects have-been’ considered



}JJ)

tofbe'meinly?ﬁsmétie aéfléwer‘1eééis‘bﬁ£*ép§éar,ES?EE’I
primarily ionfe'éthhiéﬁerFIevelsieffeefdnitﬁ (fﬁi&ik&éj“
1922; ‘Khudairi, 195 8';‘1351%&58}@ and Ungar,1971: 'PriSed 4id
0'Léary, 19707 Tur ‘g£'al i 1980) . ‘WHile "v}éfﬁing"':"é':'izﬁégi'iee?‘Q; |
Noor ‘daté seeds, Hewitt ~(1963) observed that germination of
date ‘seed was ‘reduced only ‘at 30, 000 ppm and ebove. Bahodyrov
(1956)Jreported thatagermlnatlon of. mulberry seeds in sallne
seils“wes‘fetafded; Bangash (1977) while’ doing pot experinent
| with NaCl '~eelini‘éetion £rom 0.05- 0.80 ‘per cent; ‘said that
zizyphushjﬁ{ﬁbe'lwas‘mBEt*tolerant”%ﬁeeies;zDnénkefﬁetLel.

i e T

(1978): reported that 2. Yotundifolia seed germinatign was

reduced: to-50 per - gent:’ € 6 mhos/cin with’ almost” Complete

inhlbition at 12 mmhos/bm ECe. ”;?”77”f“~w

*Puntamakar»gg-gl;’(1970) found:tEEt1theffe1eti;€5¥$3T'
- toxicity ofvdi‘fféreﬁﬁ“ salts’at 5-10 fihos/am cib"ﬁd'ﬁc?:‘i‘{}i"ti? on P
Germination of" several vaxieties of- wheat was’ in ascending o

order’ Ca012, Na2804, NaCl,_NeH@g and Na2 3

Ay

b) Plant qrowth and’ development. Salinity in’ general results
in- stunted grcwth, restricted 1ateral shoot development‘rwi '
.reduction ‘in' size of 1eaves ‘and frult. decrease in freshZL

'_and dry ‘weights of" different plant parts, decreases in number o
and size of seeds 3nd’ finally yield (El—Karouri,lQ?Q Tal,

1971 .0 However, salinity adversely effectu plant ‘growth’ and ;d_;
'_thefneduction”infplant*growth_is more»gr,less propqrtlonal o
_fto5tne:selt*chcentretienfpfeeent in tﬁéfeeline_eeiificéééer_

and‘ Peynado (1959) reported’thit salt treatment decreased -

L



growth in both young and old citrus trees. More mature

better .o0n top. soil sallnity as compared to ‘Young plants o
h(Gildiev.lQSO) .Obbink and.Alexander (1973)~correlated

growth and . chloride accumulation of six grape cultivars %"

and reported that ,as. chloride in media increased, shoot lengthi
lwas.decreased Furraet a1.4(1966) reported-that ‘growth, rate

of young date .palm, irrigated Wlth water containing 6000 ppm
-salt .wWas; about 50 per. oent to that of untreated control.‘:
‘Tursunov (1970)“observed reduced growth and leaf area of :
‘grapes with increased salinity . Heikal et al. (1980) reported;
the decrease in. dry weight of ‘castor. bean and sunflower plantsi_'
by 40,to,80;meq/1;NaCl.salinity. Sanchez-Conde and. Azuara_
(1980).. showed decrease .in fresh and dry Weight in Zea _;X_ |

_ by 5 atm. MgS0,. Nieman and Poulsen. (1971) reported suppression

' of growth in pea ‘and other vegetables due to sodium chloride.=.g'?

Bhambota. and Kanwar (1970) observed that growth of Blood Red
jbudded on rough lemon was reduced with the. increase in salt
=_concentration,ugurr,and‘Ream;(1968).reported growth_depression
ofldate;paant with1the;}ncre95e in salinitp,wgoolhafﬁlgjdi‘
 found reduced growth, muber of leaves, leaf area and dry .
weight'in citnus with increasing levels 'of‘salt salinitfa,,,s
Jindal et al. (1976) reported mango tree growth was adversely
affected with high levels of salinity. Leaf ingury increased .
with salt concentration and at 10 mmhos/cm ECe almost all

'the leavesuwereninjured- Reduced stem girth of orange plant

4

L5 DR S IS
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due- to sodium chloride was- observed by Chapman et- all..,ﬁ_1
7(1968) Downton (1977) reported in grapes- that salinity

) led to- reducedgrowth whereas foliar symptoms of salt
toxicity were- absent._ Nasr et al.- (1977) while evaluating
the effect of salinity on growth of plum and peach found
.that“trunk growth,;shootnlength, fresh‘weight\of plantqlu,
‘o;gans§were”neduCed:with;the‘increased salinity;,Grapeif;uit.-
‘showed:inverse;relationehip between growtnéand;electrioal
conductivity“of soil-eatutation extraotj(Pearson'gp al:,

1957) . Wigdor et -al.. (1958).-reported .that dry.weight .of

P

-branchee,fleaves,vrootS“andytrunk diameterxofvpummeolsrfa;

hrgdueed:underfaodium.ehlétﬁeeﬂsalinity.~ﬂe3furtheflattfibutedi'
{itftoithe reduced;uptake'ofinater byiplant}and:thus;affecting;
'.cell enlargement.~2Naeriyal;and Gupta‘(1967) and-GUptafand
Nauriyal (1973)- indicated ‘that .dry weight of roots, and :
-shoots_in grapev1ne ds reduced due to: NaCl. Na2804 and*”

: NaZCO:;';. “Tur e_t_a_l_ (1980) reported that growth of ; rice T
:seedlings:wasé}depressed-moregby N’azso4 than NaCI?atlisqf,;

osmotic concentrations-r;:?vfﬁ g:, ;Q;gﬂg} TR

All the abova mentioned effects. of salinity on plant

growth appear to operate via the inhibitory effect of salinity o

‘on-the: rates of cell diViSion alongwith the decrease in cell
enlargement (Gaidmakina;1973,,Nieman.1965)

:Effect of - salinitv on’ differentgphysioloqical aspects

';e)?=‘Water-relations *«iﬂﬁad‘i * e

w;(i)PRelatiVe;water“content/ intetnal water deficit: The

problem of water supply and water exehange_of plants growing



on saline‘ somls has till now been 1nadequately studiea.-ﬁb
‘Meiri.gg' (1971) reported that chloride type of! salinity
indncesrsucculance*characterudue to increased-hydrat10n=' \
of tissue,’ whereas. sulphate salinizatiocn causes an apparent’
dehydration;ofatissues;andnprgans. Moreover,“theﬁtenperature
ofatheileaées:from?chloridé-sﬁlphate varientiwas*lower%than
chat of.sulphate-chloride-one;' Comparison‘of 1eaf7temperattre-t'
at different levels of: water supply shows that “the- temperature
increases as- the water supply becomes - ‘worse' - The increase in

- water-content;of:cell underuchloride salinity occurs,bothf;

]in vacuole'and~prot0plasmu,-water supply'umﬂer”sulphate}is
ensured by an intensiveﬁdevelopment of - root system ‘and - water
_conducting system in root: and stem. Plants: from chloride
salinity.haVecafhigher suction;forcefinftheir leaves and_a
‘higher;osmoticapressnre;inrtheir cellﬁsap-than€plantsﬂfrom
sulrhate: type of - salinity (Strogonov,1962) Prisco:and*O'.
Leary {1973). reported that the relative water: cobtent of ‘salt

' _treated plant was lower than: ‘that of controlo in bean plants.j%
Nieman (1962) observed increase in water content of plants
'grown on: chloridefsalinity;m Ram (1979)'a130“reported-thatf/
plants under chloride type- of salinity had more relative L
Vwater content as compared to plants under sulphate type ‘of
salinity ’s. Repp-(1961)'considered that-salinity-throws out

the- balance between intake and:water conSUmption out of

adJustment, the water balance therefore. increases and~

'assimilation;of;metaboliteem ceases. - -



8}

7(ii),Leaf—diffusivelresistance:,“Salt,and=water_3tfess
'cbﬁditioosfarahknoun-fo?decrease the rate of transpifation
in variousuplaht;specics{(qaleigg é;;#i1967§“Turner;1974:
-Weatheriey@and;SIatYerleS??_McCree.1974);%Salioity:responses
’to*transpiration'ih‘diffeféoﬁfplant species arequite --:
.variablélbééause-ofgthe~diffefences iﬁ;;tométalfbehaviour
:;underfvarfing”enuironmental*conditions.:Boyer {1965) reported
that if internal osmotic ad;ustment occurs following stress
iimposition. stomata behave in‘a fashion very similar to: .
;control\plants dueato turgernrecovery Types of salt exert
fdifferent effects on:the: :rate: ‘'of respiration. Aceves | ~N .
et al. (1975) reported 10- fold increase. in leaf dlffusivef
*resistance't0'water-vapour'at“—12 bar-salt“in'wheat -Bdth:«
uNaCl ;and ¢ CaCl2 behaved similarly although the effect of |
~CaClz ‘Was somewhat 'larger at -intermediate’ salinity levels.~
‘fKaplan and Gale (1972)sshowed that sallnization produced
lflitt;eforino{inc:ease:in-stomatal resistance,of'the upper

‘leaf surface but'a large increase of the-lower surface of: .~

-Atrigiex ual;musiafSeveralsworkers hava%shownlthatkthe:¢ e u
-adaxfal”andfabaxiaiwsurfaCes-of the plantﬁfespondrdiffefently':.
not.ooiystoftheirﬁenvironmeoo“but also to water stress:t .
:(Jordanigg'gl;£1975:-Bradysggtgl-,1975j3“‘In’most cases, 7 -
the adaxialfténdédgto'close-oaflier ahd*at;a lowef‘watof;
-stross'thanitheuabaxial*one.< On the oﬁherfhand,.sauches-;
-Diazfand.Kramarr(1971)ﬁand'Duuiway (1975)ffound.no-such§
-differences;betweeu adaﬁialfand abaxiaigleaf:surfaces.ﬂ;r*.

Ter AT D L e L Tk e s DAY
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| lEndogenousgeBA;cOntentgof;leaf increased:severalafoids
with increasing stressi(Wright'1969: WrightiandyHiron:19S9)m
and a concomitant increase  in diffusive- re51stance of [T e
stomata. Walton et al. (1977) suggested that rate of: ABA
content,~determined-the~stomatal aperture‘and the stomata 7
apparently do .not function normally untill .the ABA. content
of. leaves returns to its origlnal value.;“ G il

‘(iii) Respiration Various workers have given different

‘ results regarding rate of respiration under . salinity.‘Lapina
anduPopov (1970}, observed-a reduction 1n:dark.respiration_o£
tomato leaves under NaCl. salinizetlon. Tur et al..(1980)
reported that NaCl decreases resplration in rice seedlings._
Similar results dn. rate of-respiration»was reported. by Flowers
(1972), Goris (1969)..Porath and Poljekoff-—Mayber (1968)
whereas Lapina and: Bikmukhametova (1972). found an increase in
respiration rate.of;corntgrown;under HaCl or_Na2$O4,salinization.‘
3According;to;31atyer;§19$7)f:increasewin-theﬁrate,of}h;g: |
respirationédirectlyAProéides}mechanismifor;growth:suppression.a
affectingjnet;assimilation,rate, Increase-inlrespiretion can
be{expecteé_as a;resultcoﬁ;tﬁéienergy requirement for,selective;'
ion:absorptionninlthespresence_of high external-substrate _.
concentration.'Livme .and Levin (1966), Ziv (1968), . Morozovskiz |
and . Kabanov (1970) observed. increased rate of respiration. |
Porath, and.Poljakoff ~Mayber, (1064) reported that mitchondria
'from NaCl treated pea plants:showed higher rate.of . oxygen
uptake.,The route of respiration was changed from. glycolytic

.*«;o_.pentos_srphosphate;,SE,U.nt- in .-seedllng_a of—, barley, cct_tonzc}_nd
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pea. (Goris,: 969 Porath and: Pol;akoff-Mayber,1968).Divate
(1974) observed increased rate of respiration in grape leaves
che to salinity. Nieman (1962). found that in 12- crops species‘.
studied, the respiration rate was more sen51tive to NaCl and
tended to increase in both tolerant and sensitive species ;-

as the- concentration of . salt é; saline media was. increased.
that

Pokrovskaia (1958) r8portéd/resp1ratlon rate was 1ncreased

at h,igher'sali“ity'- levels. : +i ."f. L3 onled e

" (iv) Chlorophyll- content:.. The adverse effect of salt.
on the changeS-in pigment“concentrationfin plant*depend-upon.
the specific nature’ of ion. plant species and stage of- plant

1t

growth and development..Salinization with NaCl and Na; SO, ha§»

2774
been: reported to- reduce leaf chlorophyll content*in number of
plants (Singh and Mangal 1971, Lapina and Popov.1970- ‘
Ponomareva et al.. 1971 and Reddy and Das.1978) This is due to
decrease in the rate of metabolism caused by high: concentration :"
of,chlorideh(Genkel,1954- Greenway,1965-‘8trogonov 1962).:ww‘
furthermore, Sivtsev et.al (1973) while worklng on tomato
proposed,that'the increaseqin;the hydrolyticjactiyitYrof
chlorophyllase.nay-be regardedias one of;the cause of:this"
decrease;;Bhambotajand Kanwar.(1970) observed ithat the “d'
chlorophyllfcontent in the leaves af Blood.Red grafted1:nl |
rouqh lemon fell as salinity increased. They further added oo

that this decrease in chlorophyll content’ was. accompanied

by higher"Na and 1ower ‘Mgt and ‘Fe' uptake.'Passera ‘and Albuzia
(1978) reported an increase in the chlorophyll content of wheat

leaves under salt stress-' Similar increase in chlorophyll
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'content of: Pea leaves under salt stress were rEported by
Nieman (1962) .and: Sheoran (1975) in mung and- chickpee..
‘However,.Kim (1958) reported ;that chlorophyll content
of raddish cabbage and lettuce seedllngs wese progre551vely
-reduced by increasing concentration either of NaCl or Nazso4
Welmberg'(1975)ereported-that the rate of chlorophyll :
'formation in etiolated pea seedlings exposed to: light in-
salinized media was slower than the unsalinized control
plant.. In grapes,~the loss of" dark green colour of" leaVes
near: the. margins and: between the velns"followed by yellowing
of leaves due to CO3 while SO4caused loss of green colour
at” the tip: -and: between veins ' (Gupta and Nauriyal 1973).
anomareva et. al..(1971) suggested that the stabillty ‘of the
bond between chlorophyll andprotein lipid complex -is reduced
under NaCl salinization.- Séil sallnization with NaCl ‘and.
NazSOd ﬂa4;4?atm:);decreased:the chlor0phyll-contentlonw i
| persplantfbasisiwhereas”NazsodﬂinoreasedJbut:NaCl'decreased
- on“mg/gibasis'in»tomatof(Lapinaiand Popo§;1971)-5Lapina
‘ananopov'(1970)*noticed:concurrent changesﬁinithe”> sui
structure of chfkoplast i.e.=increase in the tran#grency‘f
of protein stroma ~and dlsorientatlon of - the Lamella -
system. Inhibition to the normal development of lamellar
system in the chloroplast was noticed by Ziv" (1968).-Prisco
and 0 'Leary " (1972) observed the decay of chlorophyll and

pr°tein in bean 1eaves SUbJeCted to Nacl® SallnltYr R

R A

Effect of salinityfon metabolites
- . done

o Very little work has been/on the effect of salinity
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of&aulphur'containing-amino acids was:inhibited~underubothg
NaCl and NaZSO salinization.‘ According to Kessler and
.Smir (1968) in sweet lime seedlings, the’ solutlon of salt
‘strongly inhibitedignA;eyntneais and‘protein turnover.gln;;v
sweet?limefand"cleopatera*mandarin.-chloride-hadﬂa depressing
'effect on: protein 1evel Decreasedsynthesis of -DNA, ‘RNA ., and
protein under saline conditions results in reduced rate of

cell div151on (Nieman and Poulson,1964. Prisco and O Leary.
1973) . ".3 et e rpn lww >“ o "'{a‘iu . .5—31:’:37- : ‘.'E, SO S S A

Fo

According to Saakjan and PetrOSJan (1964) 1ncreased

salinity and alkalinity by Na250 caused reduction in RNA

,,,,,

(Pisum sativum L ) with NaCl caUSed very little change in

‘the amounts of DNA,LRNA/Q of organic matter in leaves and
did not - prevent the labelled\adenine into RNA (Kabanov et al.,
1973) Smillie -and . Krotkov (1961) reported a. loss of nucleic
acid and. protein during the maturation of pea leaves.

~ The: increased level of ammonia and free amino acidS‘wwi
in horsebean plants, growing under saline conditions.z-«“v"
decreases back but remain 1ittle higher than the control
plant even after seven: days of transfer to normal nutrient
solution. Similarly,>the decreased protein 1evel increases
‘ and. sucrose content decreases. but these metabolic changes
‘are not fully repaired after shift to salt free condltion in

-hoursebean (Strogonov et - al..»1970) *{ ”gfﬁvﬁﬁhlﬁ;eﬁgjé';;

Organic acid content ':‘t_‘: oo f?:"“'-_.'}. L ; -'?-.,V_';-
Organic acid content of the plant is influenced by the

rate of.ion absorption as;weli as the typelof ion being
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'absorbed (Jacobsen._lQSS) By u51ng _ CO incorporation

,into organic acid and varying salt concentration and type

R

'of*ion absorbed.lTorii and Laties (1966) suggested that the.
delivery of ion into the Vacuole effectively removed organic
acid from cytoplasm by forming the salt of acid tin vacuole
"and this results in more’organic acid. being synthesized.
rWilliams (1960) observed higher 1evels of organic ac1ds g;l
tln halophytes‘and other plants associated with dry climate
Tand high salt He further added a strong correlation between

'organic acid level, type of ion and salt concentration in

the nutrient medium, NaCl was principal salt absorbed and

1

‘level of organic acid was present correspondingly highr¢

_Ruiz (1969) reported that application of SO2 gas to Tempainlo

-

vines caused slightly higher melic acid content and lower o

1 Vf__, B P

tartaric acid content compared to untreated and manually

TLTh
-

'defoliated control. ';_>”-_l’;~ 1férr'

R PO

: Enz s“ SR

_ Activity of number of enzymes and their isoenzymes have

U =

been studied under salinity but the results were controversial.

.\ .-_L.,

Peroxidase actiVity Was not affected at moderate NaC1 J

concentrations but decreased at higher concentration in wheat

E 1 g

'seedlings (El—Fouly and Jung. 1972) High salt concentrations
of 0 1 - 0 S M NaCl and Na2$04 decreased the peroxidase

activity in wheat. corn and pea (Vasile 1963) Maliwal and

SRR

.Paliwal (1972) also reported decrease in peroxidase actiVity

T

fl

:in okra and sponge gourd under saline conditions.’Slmilar

PR
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"results Were reported by Gaidamakina (1973) in sunflower.‘ :
RETI ikt n 1 ¥ 1 ":.__7

On the contrary increase in activity of peroxidase was ':

r,..u,, R - I

reported under NaCl or Nazso4 type of salinity in pea roots

and seedlings (PokrOVSkaia, 1958 Strogonov. 1962 Rokova ..i‘-‘

B S

t 1”'{ 1969 and Weimberg,197o)

o . v "-.‘ ' o g Yo w
. :c i _‘ o h SR R

' Increasedactivity of amylase has been reported by -

Strogonov (1962) and El—Fouly and Jung {1972) under NaCl and

_-7 x PP

'Na’SO - salinization.. o ‘
5 2 4 S ST TS S SR R AL LI TS B (N
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Effect of salinitv on mineral compOSition of plant .
The mineral metabolism of the plant gets affected by

salinity i-e. the excess of some ion in soil,WOULd prevent

L : .
L wl

the uptake or availabillty of other present in relatively
. small amount and secondly by their own excessive uptake_h_”hj -

because of their relative abundance in the media. In.order to

. .
,_’.A_‘,.v. Ak 1-._

tudy the effect of salinity on mineral metabolism single

Loty ".‘.'.: !

'!\,. ('

'salt solution have been quite popular as we can find out :

_clearly the effect of cations and aninos responsible for

-salinization. on the gptake of ions and their own uptake._;
PRI J\“'—E-C.."‘--a L G2

Under NaCl salinization, the uptake of calcium, magnesium,

-l o8 -.
i Y N \1__.;

'potassium and phosphorus ia reduced and an accumulation of Na

e X

nd Cl occur (EL Kadi et al-; 1971, Hasson—Porath et al., 1972).

However, Shah and Nadeem (1976) reported that increasing

Y I

1o

4. content and .

decreased K content of grain and straw of lentil plant.ﬂ)

- B ; 1 RS okl
'Similar results were reported in different crop plants o
' et al. X P ISR
(Cevda( 79, Storey and Jones,1977) Ehlig (1960) observed \

-salinity increased P Ca. Mg Na, Cl and SO

T .“___ i ,,‘,.,
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def_iciency oﬁ magnesiun :Ln grapes due to high concentration

of sulphate in: the saline .media. Shimose (1968) while studying
the' physiology of. salt injury: found that leaf content of

K, Ca. Mg. .fell:when- concentrations of NaCl and Na2504
were' increased in saline media.e The decrease in Ca was more

under Na2804.‘Rains (1972) put forth the view that iﬁwsulphate
replaces chloride as. accompanying ion, sodium absorption is.

depressed. However, Bhambota et al. (1963) in their study

' on mango,: observed higher uptake of Na due to NaCl followed

by Na2003 and Na2804 Similar results were obtained by

Gupta and, ‘Bhambota (1968). in guava. _ ;g: ER .';\M
" The phosphorus uptake has also been reported to be )

reduced . by salinity (Zhukovskaya,1973). Buckman and Brady:

' (1969) suggested that if. pH of 5011 increase:above 7, phosphate'l

_uptake is reduaed due to, formation of calcium phosphate.;f |

Mattson (1969) reported that salinity created with CaClzi‘f

in four SOllS;JlnCIeased phosphorus in pea. while reducedlit

in barleyi.reduced the ratio of .di to monovalent cations?in

pea’ and increased them in barley. ‘Sands and Clarke (1977)

reported that CaCl2 and NaCl- damage to - radiate—pine was, |

associated with chloride excess ‘and an induced phosphorus.

defiCiency. Throne and Peterson (1954 ) mentioned about low

availability of . P. in sal ine and ‘alkaline soils. ReduceiP content

of leaves due - to saline waterhme.observed by Fakhr (1961)‘u |

The. entry of'3? P, into the organs of barley and tomato was

?freduced by chloride and sulphate type of salinity (Matukhin

. and Zhukovskii 1961) .
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Increasing. chloride concentration decreased theuK contentf“
in'peacan-seedlings (Faruque,1968), cherry and peach(Dilley
et g;(.1958) and'grapefruiti(Peynado and Young,1963) and.
decreased calcium and increased Mn ianheer and peach ’
(Dilley et al.', 1958) . Ortuno et al. (1971) found out that
under the effect of high chloride concentration in the

soil, the Na..K, Ca and Mg 1eVels were higher in young veena

i

orange leaves than in mature senescening leaves. .W v
Sulphate. beside its accumulation in,toxic amounts in
different parts of plant. also affects the other constituents o
'of the plant..With the increase in sulphate concentration there -
was decrease in.Ca content;KBillinges,1962 andﬂZusmang1956).
Mg content'(Ehlig;lgéb and Peyanodo and Young,1963) and!K'

content to deficiencyrieveis'(Peyandofand Youn§¢ 1963).?They
'?fdrther obServed that boron content of“grapefreit was 1ow,
‘while contrary rBSU1ts have been reported by Dilley et al.
'-(1958) in apple, cherry and peach Ortuno et al. (1971)
_observed that cation sum decreased until leaf maturity and
‘rose slightly subsequently.- ‘

o 'The‘grOWth effects of sodium wasradditive in trifoliate _
seediings.(Mart1n7et al(,1969)- Cooper and Peynado (1953).found
no - clear and consistent relationship between chlorosis and
Cl, Na or Ca content. Bower and Wadleigh (1949) observed |
'decreased_accumulation of‘Ca.-Mg. K in plants growing on high
 levels of‘sodium in the soil. Petrosjan et al. (1967) found
rthe salinitx reduced the K and P content of necrotic tissues

of vine, mulberry. and quince leaves.



' CHAPTER- IIT



MATERIALS AND METHODS -
s ‘_ e o ‘ ;:‘ .{.« ,'".‘ ‘:) . . } . . . - ‘.’,. - FJ % ,
The present study was carried out at the experimental

orchard of department of Horticulture. Haryana Agricultural

B

LR 3

University.Hissar. during the Yyear 1979—80.!
. The seeds of cv. Lucknow-49 (Sardar) guava were sown
in February.1979. ln{earthen pots filled with dry garden

“soil and FYM in 3:1 ratio,w:gﬁter germination only one

plant was retained in each pot. To preﬁent leaching pot
Jhalés%wafe“bloakéa;{?Tﬁén, 1% ‘the montH' of February.lQBO,
these. plants were transplanted alongwith earth ball to
fthe cement pots (30 x 30 x 45 cm). These pots were.filled.-
with ‘60" kg ‘of sandy loam soil To prevent ‘the . leaching of
the;salts; pots were pasted-lnside with coal- tar and then

.1ined w'ith=l'4oo gauze’ impre'\'rioxfs' "polythene‘“sheée.

e On ZOth of February,1980, sixty-five bots with plants‘
Lof uniform vigour'were selected and arranged ‘in five

;replications. Salts on mmhos basis were given through water

on the Saturation percentage of the soil Mixture of sodium_

B o et feoo P Py g
"':“l DU R e

'chloride. sodinm sulphate and ca1c1um chloride were in the

.-‘.:_.. !-~ . YR

proportion of B;i 4. Analysis of soll used prior to addition

Of salt has been given 1n Appendix-l.

ne

Experimental detailsﬁ"
e Salts" : _
l Control ( no salt )
2 ’Sodium chloride (NaCl)
3. Sodium‘sulphate (Na 504)'

3. Calcium ‘chloride (CaCl Sl

e

PR SR Lol LT EEriU A



__5 Mixture (NaCl + NaZSO + .CaCl ) o | :i
".COnductivity z= 6, 9, 12 mmhos/cm ECell : R
i?ils_dReplicationS'e Five :];
Treatments \'= 13 treatments inclusive of control
| . (Four salts x 3. conductivities) + control

- Total number of pots"=“i3 x 5 65

© ' Design i = »QRD factorial

L

Experiment-I:- Effect of different salinity treatments on
: o 77 the germination ‘and growth of guava. seeds ‘

q ]
e

Seed sowinq

'1

.

Seeds of freshly harvested fruits, of cv.Lucknow—49 ';f
fguaua were taken out and then sown. in the artifioially
_ prepared_saline soils in the aluminium trays {15 x 10 x.2
'inches)lr Two hundred SGEdo in each tray in four rows were
-sown making 50 seeds in each row.' | ' |

Germination n_,f'

The data on the number of seeds germinated was ;
recorded at.weekly interval after the first seed’ germinated.
The per cent seeds germinated ‘and overall survival percentage
| Were calculated after 79 days i.e,. tWO weeks later when‘ B
germination under control was almost completeoﬁ_

Radical lenqth

. - - . . .- P
fELN T e e e

The length of root was measured in cm at the end of
experiment..j  |

‘vaocotvl lenqth . -:,M-_Nfg

| At the end of experiment hypocotyl length was measured

L

'and calculated in terms of hypocotyl length in- cme.



Number 6f-$econdar? root*-“’fCVﬂ SR “*3?;#*5 f

Number of secondary roots ‘were counted for each .’

L)

'treatment at the termination of experiment.

Experiment-IIz“ ﬁffectmof‘different salihitywtreatﬁents'on
S R e  growth,- physiological and biochemical
changes in plant

Vi v . -
T -

Sampling technique

Fifth and sixth leaves from the apex were taken for
estimation of chlorophyll,:respiration, protein. 1eaf area.
-enzyme, organic acid, proline and free amino acid

.

determinations. Fourth leaf was taken for leaf—water

potential, relative water content, and, leaf—diffusive‘_;“
resistance,_ For nucleic acid determinations secondlleaf
_was‘taken:_ﬁuplicate_sampiesmyere takentfor_aiiwthejl,_,*
determinations. y | | ”-7 -_‘q w .

‘ Determinations of proline, respiration; relative water
content, enzymes and nucleic acid content were done two
times i e..in the last week of May,1980 and again in ‘the'

‘last week of September,1980. o

Growth observations R

(a) ‘Cumulative Elant growth

Ve

(i) The height of all the branches of plants including

P -_Au—-"J.. he

main stem under different salts treatments was taken at -

' monthly interval and summed up. Total height was represented

e

as'cQumulative plant growth at monthly interval.

(ii) Main stem heiqhh Height of main stem was taken

¢ J

from the marked base upto last leaf opened The initial

T - el 5



height of the plant taken before the addition of salt wasé-

i

substracted from over all height.

(b) Stem diameterf,ﬂiﬂ {;; ;;HK gf‘;p o {1,3g4m;4

The diameter of plant was, measured in centimetree
with the help of; . vernier-callipers at. the marked base. ofi;v
plant at monthly interVale.;;pe
(ci Leaf area .

Area'of,ieateeftahehgout:for various‘biochemical.
determinatione wae-norked"out “At the end of'experimentf-

1eaves of the fifth and sixth p031tion from the apex were

collected and the area was measured with the help of leaf';;;

area meter.‘Finally. average area of leaf was calculated.

(a) Fresh weight

D o i+ wk
FORELEHE A T wer she T

At the end of the experiment the plants were cut .at. . the
ground level and separated into stem and 1eaves. Each part

' was weighed and weight was recorded as g/blant.;:!

The root system was taken out carefully by taking out
polythene sheet alongwith soll and roots. ‘Then, roots were
removed carefully after washing ‘with Water ‘and’ dried on ‘the

absorbant paper. Weight was recorded as’ g/plant.

(e) ¢ Drv weiqht. TT“ﬂl*

The stem. leavee and roots were dried at’ 80°C for

48 hours. The dry weight of sample was recorded when there fﬁ

"Was no further loss of weight during dried.

(£) - Root 1ength

Length of. primary and secondary roots were taken

P

separately at ‘the end of experiment.



Nature and extent of injury - L E,jﬁ”-“
. The ‘growth’ of plant under different treatmentsaﬁere'

)

'frequently watched ‘and the symptoms of inJury, whenever,
noticed-were recorded separately for each treatment The
7-extent of injury was determined by percentage of mortality

s

of plants under various treatments.

Plant analvsisr

R

'“*Pfépéfétian*offéamﬁies-f* \,:«-“{-',mf N N

The leavesvere dried at SGOC for 48 hours and finely
ground Different nutrients from these samples were
determined~according to the;procedure~adopted-for~respective
estimation. U el

77E§céb£;for_chloride and sulrhate, the digestioo/ i
iextrectiohforocedure“was%coﬁﬁon for restfof the elements
”“vié;?ﬁhosphoftsi sédiﬁﬁ: bdtéssium, calcium“and'magnesium;

2
":in the ratio 9 t1. Rest- of the procedure was same. .

2 Féffhitfogéﬁ, H, S0, was used’in place oOf HNO,with® HELO, )

lw DigEstiOn : | ._ | |
_ 'TWO‘hundred"ﬁQ‘of'dried;and wellféround material’Was
T;taken iﬁ”e 50 ml- conical flask to which 10" ml of 431 HNO
““and’HC10, (GQ%)Wmixture;were~added. The flasks were - heated
yéentlY“oter,él?égiblaﬁé:fo?fébout‘halfﬁan hOur*tillJWhole'

”Iof the;meterielfgetS”dissolved and solution becameycolourless.

¥ Phe digest, thus, obtained was cooled* and final volume

’"made to 50 ml with distilled Water. phosn T *ﬁu’ﬁfﬁnﬁ

"Lf'TﬂePoitrogeh‘content was determined'by the method of

Lind®e X(1944) .
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Phosphorus ” r~ o

P Content was estimated by Venedo-molybdophosphoric i
yellow colour method, described by Jackson (1973).

Sodium and_potassium ﬁfl*“ﬂ

The Na' and 'K content; were' determined by the Flame ERE
photometer. 'fv“*r~ﬁ'3"%7:~?5ﬂ R R _”"‘i*‘“'fh’e*’

Calcium and magnesium

These were detennined by versenate method of Cheng and

Bray (1951).. ),gg; :_1-;;; i e
‘Chloride. . . < 3. o B

The chloride content was determined By the method of

Ramsay et al--(1955)img..fiﬁy o nﬁ; §¢ﬂ~
'Extraction . e ﬁ.yA;? iz ' :51d;¢:‘ e men

200 mg of finely ground dry material was. boiled in-.
water,fqr%oneﬂhouriand“the,voiume of the.extraot;was,made_-
to.SQiml.Q;this'waskfiite;edﬁandhfilterete_was}used fonap,
chloride estimation. .. .. == .

Sulphur.. . |

Twogm of plant material.was digested according L0
the procedure described by AOAC (1950) and final volume
was made to 100 ml+ To 50 ml of aligot two drops of methyl, |
red:and:%”ml Of“concentratedHC1;were added; voldme was
made to 100 ml-whioh Waevboiled Exoess OE barrium chioride
'water:bath,,cooled ?filtered,and.the PPt of..BaSO4 was. dried;,‘
and weighed Amount of sulphate was expreSSed as percentage.

on dry weight basis.
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Determination of . physioloqical and blochemical parameters

The procedure adopted for determination of various -

physlological aspects i.e. leafdwater potential, leaf- '

' diffusive resistance, respiration, relative water. content,

chlorophyll and metabolism studies like: proline,amino acids,

protein, enzymes,-nucleic acid and organic acid are: given

- helow: - . - : o T Lo e PR

- a) Leaf water potential

_ Leaf water potential Was measured with a pressure %
Chamberf(Scholander-gEVQL;,31964) as modified to take leaf

alongwith petiole (Turner"gg'g&.,1971)availab1esfrom“RMSuf

'Instrunentation Corporation, Oregon, USA.:Leaf alongwith

-

petiole was taken'and put'in’pressure chamber. The cut end

was inserted through»holermademin rubber compressionigland: ‘

:The cut end was then observed: ‘through’a' magnifying glass .

as- the: gasu pressure:in: pre55ure bomb~ was raised by admitting

nitrogen-under;pressure. Therpressure at.which-xylem.sap.:
appearsﬂatzthe;cut;endaof-petiele wasnregarded:as eeualzto'
the,waterfpotential5of.leafzcells and'readings were recorded
as-leaf;ﬁater-potentialain-bars. Leaf-water'potential,was
taken 100 days after transplanting at: 11 00 A.M. at 25 days
interval._f;-!'ﬂj; *f3f3~“_;gu;; '

b) . Leaf diffusive - re51stance P 1?5 M

Leaf resistance was measured with . diffu51on Parometer.

_Adaxial and abaxial leaft- :esistance were measured separately.

"It was expressed in seconds per centimeter. Leaf diffusive
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resistance was taken after. 100 days of transplanting at

25 days interval in the morning at 11.00 A.M.i.
Y

*Preparation~of §ample_;or.chlorophyll-and‘respiration,

Leaf samples:from*Sth*andléth positionffrom;theaapexj“
‘were' collected betWeen 6. 30-8 30 A.M. They were;placed in .
polythene bags and kept in ice box immediately.The samples
were cleaned and rinsed: with. distilled water ehen useé for

._determination. The excess of : adhering water was soaked. w1th

i

the help of- tissue paper.z

'Determination of chlorophzll

Five hundred mg of leaf sample was. crushed and ground
athoroughly in a glass pistal and mortar . using 80 per cent
acetone (Arnon.1949). Al little ‘amount of potassium carbonate
fiwas added to neutralize.acids present in’ tha‘cell, since in
'the presence of acidity in the cell. chlorothlllohangetho
:ipheophytin. TAfter?tne eitrection'wes oter, it was centrifuged
‘d&and volume of supernatant made to 100 ml ‘in the volumetric
| flask, with the addition of acetone. Absorbance values at
F663 mp and 645 mu wave length were recorded by using Bausch
and Lamb Spectronic—ZO colorlmeter. Total-chlorophyll.
chlorophyll a' and chlorophyll 'b' were. determined and
hexpressed as mg/@ fresh weight by using the absorption
coefficient in “the . formula given by Arnon | (1949).au
Total chlorophyll.=‘20.2D.645 + 8.02D:663 -

[

Chlorophyllfafﬁ*" 512;7D'663 - 2.669D.645lfr"

. Chlororhylltb' ' - = 22.9D 645 - 4.68D '663
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c) Respiration T.F;;;m-wevasy QL}’ff:T--b‘ “;wnuf

B

Standard Warburg technique (Umbrett ret al.,- 1971) ‘was
used for measurement of respiration rate in the 1eaves. Two
i,discs each of;0944~cm2;area werercut from_middle portionuui
of leaf in'between the veins and were £1&ted on'l'ml 6"
O;l;ﬁfﬁhosphatefbufférh(pﬁt7i0)ﬁin the Warhurg:flask;fO:Zfﬁlf
'of'20%-Koﬂ“was?éadéd”iﬁ’ééﬁérai*éavity alongwith?theéfilter |
paper’ strip. It was run’ for 15° minutes as blank and then -
the stopper were closed and uptake of oxygen was”® measured
_twiCE'at'ZO minute'interval‘at'27oc. The'resultS“obtained
have been expressed as pd of oxygen taken /cm /hour.

Relative water content

Three leaves per replicate at random from- Sth and
6th position were taken ‘and’ immediately their fresh weight |

was taken. Then, it was soaked in water for 24 hours;rAfter

24 hours.tturgid weight Was taken and then put in the oven
at 80 c for 48 hours and then dry welght was recorded when o
there was no further loss of weight The relative water

content was calculated by the follow1ng formula.7

- Fresh weight - Dry weight % 100 . .

Turgid weight - Dry weight

Biochemical estimations'

a) Proline content Proline content of plant leaf

‘1.

was determined by colourimeteric method (Bates et al.,1973)

b) Free amino acids; Free amino acid content was estimated -
spectrophotometerically according to method of Yemm and

Cocking (1955).‘



. c) Protein-v Protein content was estimated by method
given by Lowry et al. (1951) using Folin cio-calteau reagent.
X o

d) Estimation of organic ac1d Two g of fresh leaves

N

were taken and ground in 20 ml of distilled water and to the
extract 2 ml of concentrated HCl was added. Afterwards,organic
acids were extracted in petroleum ether with the help of

[VININR i -

separating funnel Petroleum ether fraction was, evaporated
,sA 'a"‘ ‘J‘ SE L

on a water bath Then. organic acids were dissolved in b
distilled water and titrated nith 0.1 N NaOH. The amount of
organic acid was expressed as milliequivalents of NaOH.U

.i e) zlase .- Amylase was assayed according to methods
of Shuster- and Gifford (1962) with slight modification..

“: Reagent I. Soluble starch. 67 mg of soluble starch.}5¥
0. 06 M NaH PO and 200 xM Cadlz‘were added to distilled |
~water to make a total volume of 100 ml, boiled for one
minute and filtered . The supernatant was used as substrate.‘

“ heagent II.’Iodine reagent. A stock. solution was . |

prepared by adding 6 a of KI and 600 mg of E: in 100 ml of

"2
H20 One ml of the stock solution was diluted to 100 ml ‘with
01NHc1._ s
'-Eaecwr_s

i PRV R A S ] A

One ml of the appropriatelydiluted enzyme was incubated
with 1 ml of soluble starch solution. Reaction was terminated
after five minutes by adding one ml of 1odine reagent. After

making the volume to 7 ml with distilled water 0 D was read.
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at 620 nm against.reagent blank. Initial G D. was recorded |
using the assay mixture in which enzyme- was replaced by
distilled water.', 0 -

One enzyme unit was defined as the amount or enzyme
required to. decrease. .D by 0.1 under the given conditions.

»

Peroxidase

‘ Peroxidase activity was measured.by the method of
Seevers et al. (1971) following spectrophotometrically the'
change in absorbance at 470 pm due to oxidation of O-

dianisidine in the presence of H,0, and enzyme. AJ0.1 ml
aliquot of properly diluted enzyme was incubated with 1.8 ml
of 0.05 M sodium‘acetate buffer, pH 4.5, 0:1 ml of O-

dianisidine (0.25%Jn methanol) and 0.2 ml of 0.2 M H.O.

272°
An'equiValent volume of buffer was substituted for H202 in
the reference. Readings were recorded after 3 minutes. Unit
‘a change .

was defined as the amount. of enzyme which causes/of 0.1 in O.D.
under the given condition.

Nucleic acid '

Nucleic acid extraction was carried out according
to the methods of Cherry (1962) and Nieman and Poulson
(1963).‘The preliminary extraction for removing various4
,types-of phosphates was done following the procedure |
- suggested by Cherry (1962) except at the first two steps
'when extraction was done in enthanol . (Nieman and Poulsen,

1963) instead-of methanol.

- -

o
4
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.EXPERIMENTAL RESULTS ) !
: : B T B o ST . ':'; ":2' <o :
The results of the studies conducted are preSented in

§

the ensuing chapter. S - o e

1# Germination studies vy S

.

Fatt

1. 1. Germination - “' ;

Increasing salt stress in the media progressively
'delayed and even inhibited thelgermination of guaVa seeds

-(Table la). Germination WaS first noticed.21.. days after .

- - ~ %,

owing under 6 mmhos/bm Na2804 salinlty. Na280 (76 mmhos

showed maximum germination (18.5%) followed by control

5. re P A .J hoof ' }

(12.5%) at 28 days after sowing. However, there -was maximum

germination (86.5 5) in control at 42 days. Rest of the
‘-‘=%1i. é

*itreatments recorded 25 per cent germination at 42 days.

i

’fiAt 12 mmhos/em conductiV1ty there was no germination in

. NaCl, CaClz and mixture of ‘'salt whereas 1t was 20% with

i a :5 * * *

flfsodium sulphate. Even at 6 mnhos/bm conductivity the

'f ?germination was reduced to 47%, 47 .5% and 53% with NaCI,
.igﬁmixture of ; salt and CaClz.respectively whereas ‘it wgs as high
‘Z;;as 74.5A in Na2504 salinity at the same conductiVity..

| | ; After 70 days of sowing, maximum germination WaSr
obssrved under control followed by Nazso4, CacCl,., Na Cl at

6 mmhos/bm and Na 304'at 9 mmhoS/em treatments respectively

2
(Table lb) Seedling survival was, maximum (94 0%) after 79
. days under control whereas under different salinization

treatments only Na280 (6 mmhos/cm) had more than 43 per cent

survival .This was followed by CaCl, and NaCl. 6 mmhos/cm each

with 31 and 25.5 per cent seedling surv1val, respectively.'

i

Lowest survival percentage (16 0 ) was observed under mixture

of saltso . o ‘. - .
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Tabléﬁib;ﬁEffeéﬁléf different salts and their
. ~concentrations on final germinatlon
and survival ‘of ‘seedlings: :

Salt . . - “Conductivity - ) Germination after “Survival after
4 . (mmhos/ecm) . 70 days of sowing 79 days of ‘
oo co ey el i (°/) B ‘ SOWing (%)

Control ,. =~ . -.0.08 - . o .. 99.0 . ., - 94.0.
9. 20,5 6.0
.‘1;2ff;"?i v O‘OJ_L Wf_ ; =5010
Na:SO“"‘sﬁrrs;f »QG r?t!if?g RIS 74.5%*“‘3- . .. 43.0°
\, R, E g ; 45 .50 y i ‘19 .53
S - _ : .

120 s Mo 20.07 o L Y.

i o - 9 O _ i 28.0‘ A R 7;5 :
12 .0 Y e 0.0

MiXt“lre oo 6 *' T 'gkl RO TS 47 "r,i___{ '_".s f'-. o S 16 fo .
| '~m“~9‘rw (;?affﬁrf#‘ 0'0‘#.:.;' L Q.O
i 12 * -, 0'.(:),‘-' st e T 0.0
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1.2, Hypocotvyl 1ength, root lenqth and nUmber of ‘ o .
B ‘Secondarv Toots T muieid L mes

B - T e LT W e et e e |
P kAt ATa g R ‘j...'.-.-,'-‘—-" s artedad R

The data”presentedfin?feﬁlei2.reveals'thet different
salts and their ébﬁcéntiééiohé”i%&hced thé“ﬁ§§€23t§i Iéﬁ&%ﬁ'”’
and root length differently- Although the maximum hypocotyl

length (3 4 cm) was observed under control but at 6 mmhos/cm :

PPN s e e e B S S i s AR AR AR e e o s e e g bbb B <L e

conductivxty it was more in Na,SO g L 2.4 cm) followed by

EY

mixture (1. 9 ), Nacl( 1'" 3 cm) and CaCl, (1.0 ch. At

‘ 9 mmhos/cm it was again nigh in Na 804 followed by CaCl2
!‘4) -
and NaCl (0 5 cm, each) .

<.v " ) (SR

Same is true in case of root length. The. maximum root:

. _\_

zlength ( 6. 9 cm) was recorded in control. Among the different
:salts. Nazso4 at 6 mmhos/cm had max1mum root length (5.5 cm)
whereas CaCI2 and NaCl at’ this conductlvity had only 3.7 cm

‘and 4. 4 em root length ‘At '9 mmhos/cm conductivity,»NaZSO4

-~ had 4.4 cm root length followed by CaCl, (3.8 cm) and NaCl

(1.9 Cm).'critical view.ofﬁthe data showed that.rodt*length

—Hunder all treatments was more as compared to hypocotyl length.

g , 5

The number of secondary roots was maximum under control

. W

whereas,_under salinity treatments, Na2804 was followed by

xxxxx i

‘ CaClz' NaCl and mixture of salte at 6 mmhos/cm with 5 0,
3.6, 2 8 and 2.9 roots, respectively. Higher conductivity
of all the salts suppressed the growth as well as number of
secondery rootse.

2. Survival percentage of transplanted seedlings.

Under all the selinity levels except 12 mmhos/cm, the

.survivalnpercentage was morelthen 50 per cent (Table 3). In



Table 2: Effect of different salts and their concentrations
N . on hypocotyl length, radical. length ‘and number
a0 of secondary roots _

Salt Conductivity Hypocotyl " Radical E Nﬁﬁber of secondary
(mmhos/bm) . length. .. . ..length .. roots.per seedling
{cm) (em) N R

Control 0.08 3.4 t .  6.9 ' 6.0
NaCL 6 13 37 7 28
. ' 9 - oo 0.5 - 1.9 ° o - 0.0
12 . 0.0 - 0.0 . 0.0

Na,S0, o 6 ' S 2.4 | 5.5 if tff‘ 5.0
| " 9 . 172,00 . 4.4 1.8
12 0w 21 ;_' 0.0

Ca012‘5'_ 6 . . 1.0 4.4 \._tgﬂ,rs.s
9 0 . 3.8 . 0.

12 .-, 0.0 S 0.0 ,;';;w, 0.0

Mixture = 6 e 3 2.0

9 Il g.0 0.0 - . " 0.0

12 0.0 B 0.0 - 0.0




Table 3 Mean survival of transplantéd guava seedlings

R under different salinlty levels L

Salt - . Conductivity = " “survival
o B S _-"'—,-‘-(mmbowcm RIS RN (%) N

Control - . 7. ‘_ 0.08 - k% - 100

NaSO, .o oy . o6 . .. 100
. T R UL

CaClz -_\. Aotalon g Ty 6 LR B R \ )100

o
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addition to control, NaCl. CaClz, mixture of salts and Na2 4"

all’ at 6 mmhos/cm and later both at 6 and 9 mmhos/bm had cent'
per cent survival waever, under NacCl, Cacl2 and mixture of
salts ( all at § mmhos/cm) 80. 70 and 60 per cent survival
?4'was observed At 12 mmhos/cm conductivity the survival was

nil. irrespective of salt.- ,-'

3.__ ‘Svm;L“ms of iniurvf_zn_;if“,

' Plants under different salinity levels were kept under
watch and symptoms of injury were -recorded separately for. each
treatment. .i R L -

After 20 days of treatment, slight leaf scorch was .
noticed under 12 mmhos/cm CaCl,. After 26 days, leaf scorch
‘occurred in 12 mmhos/cm NaCl and mixture of salts. After 42 days.
slight loss of dark green colour was noticed under 12 mmhos/cm

2 4G Therefore, leaf-scorch Was observed in higher
. conductivities of Na2804, NaCl,_CaCI and mixture of salts.iﬁ
-Leaf scorch gradually extended tOWards the base of theleaf.
Defoliation Was invariably noticed where more than 75 per cent
of leaf was scorched. Leaf defoliation was ‘more quick under .
Na280 than chloride type of salinity- Under chloride type of
salinity in most of the cases the leaves remained attached
.even after whole leaf was scorched and this was especially
 true with CaCl2 treatment. Burning at the tip and margins
- was observed at higher conductivity. The nature of symptons
differed in every ‘salt treatment. ‘In most of the cases., complek
nature of injurious symptoms were observed.The clear cut |

symptoms noticed under different salinization are given below.

-
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'3 Svmptoms of high chloride in]ury

: Leaf scortch was first noticed at the margins of older

a

; leaves which extended to the base of leaf. Defoliation
' occurred when more than 3/4th leaf was scortched. InWQrd

8 curling of leaf Was observed Margins beneath the tip started

i

curling first._Partial death of plant was observed at higher

| conductivity and afterwards whole plant’died. Plants under

NaCl and CaCl (both at 9 mmhos/ch shed all their leaves

R

by the end of June and by the end of July new buds sprouted

thereby, meaning that plant has entered into quiescence becauSe
" 9

of shock at higher conductivity. Incipient chlorosis followed
by burning of leaf margin was also noticed Death of apical
portion was seen.prior to. death of plant..

AT

Sulphate ini_rz

The symptoms ‘were noticed at 9 mmhos/cm and 12 mmhos /cm
conductivity., Lose of dark green colour was observed which

was uniform on the leaf. Occasional yellow spots were also

2 seen.381ight burning of tips and margin was noticed. Leaf

4

burning spots Were not uniform but in patches. Detachment of

leaf wax: quick as compared to leaf under chloride salinization.

4. ;'Growth parameters

' 4.1.-Effect off main stem height and cumulative_plant-
: growth AR -

w o , 7 - '.l M

All the salts, in general‘ reduced the mein stem height

and cumulative plant growth over control (Table 4).
The minimum stem height was cbserved . under CaCl and

NaCl whereas maximum stem height was observed under control.
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~ Among the differert salts, irrespective of conductivity; '

CaCl, had minimum plant’ height’closely £6lldwed'by Nacit'

Both the salts had significantly-lower stem height over.

the - Na2504 and mixture of salts. Increase in conductivity

45

wan o LT e B e

51gniflcant1y reduced the -stem height. Interaction between

SSL L

salt and conductivity was eignificant. Nacl “and éaclzlaﬁswhnum

e h S -

"9 mmhos/cm were more suppressive than Na2504 at the same:

conductiv;ty, with 35 1 ; 35 9 and 41 .2 cm,l espectively.
Moreover, Ca012, at 6 mmhos/cm was 51gn1f1cant1y more

}

inhibitive than NaCl at same conduct1V1ty.m-

i L

A perusal of data in Table 4 and Fige. 1 reveal that

cuhulative plant growth was maximum (442 .5 cm) in control

while"minimum'waS“recorded“under*NaCl (22736”cm)” Among the"

different salts, there was no Signiflcaht difference in the

cumulative plant growth, however, Na2504 showed maximum plant

height‘followedrbyim;xture.ofrsalts. Cacl2 and NaCl. Increase

“:in:conductivity:significantly‘reduCed the cumuletive plant

| ~ growth. However, interactionibétween conductiuity and salts

Wannot'significant; yet maximum'cumulative plant growth was

. observed under_NaZSO4'at G-mmhos/cm followed by mixture of

salts, CaCl2 and NaCig/gt the‘same conductivity. The minimum‘

cumulative plant growth was recorded under" NaCl at 9 mmhosﬂﬁn

_followed,by Caclz. mixture of salts and Na,SO

2

e

4°

4 2. Effect on stem diameter

Irreapective of conductivity, different salts reduced

the stem diameter eignificantly (Table 5.Fig.2). Maximum

1

J .



!
- 7

Table 5 Effect of dlfferent salts and their concentrations
" on stem diameter (cm)

3

~Salt L.f: i . 5'11 Conductivity (mmhos/em ECe)

6. ,:.9 R 12, o -xMeén_

| ;NaCl ‘Q" ©1.06 .. 0.5  0.33 0.9

2 4
"CaCl

Na,s0, - 1.200 1 o8 0.36 1.4

, e 1.10 . 0 91 | : 0.34. 1.01
. Mixtu;éfxx>';?f"il15 : i"1,03’33‘ 0.3 " 1.0
" Mean in 1.3 ,-6;54:?  0.35

‘Comtrol = 1.50

- C.D._at 1% -

"”_Controlﬂtvsrrfeatment T‘§=AVO;03;5

Salt x Conductivity = = :0.04 - PR
‘Salt .= 0403

" Conductivity . . . = 0.02
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stem diameter (1.50 cm) was recorded under control, whereas

minimum stem diameter (0 75 cm) was recorded under NaCI.»_-

* N vit

Increase in conductivity reduced the stem diameter, irrespective
ofieait. The interaetion:netyeen:ealt andfconductivity was:
-significant. Sodium”cﬁiorddewatmeﬁmmhos/cm}waé”moré -
‘suppressive than-NaCl—-at- 9 mmhos. Maximum- -increase- inﬁstemrnw
diameter. under different salts was recorded under’ Na2504

(6 mmhos/cm) followed by same conductiVity of mixture of" salts,

Ca012 and 9 mmhos/cm Na2504 with 1 20, 1. 35, 1 10 and 1.08" cm,

'respectively. e

4.3‘Tota1 number  of 1eaVes:£f

The'number of leavesrpresentron each plant'under
different salinity levels was counted at the end of experiment
-and the ‘data- is- -presented- in-Table 6. The-nature and . ;Hw._;
conductivity of salt present in the soil significantly affected
‘the number of leaVes. The number of leaves ranged from 490
'_‘(control) to 174( NaCl 6 mmhos/cm) Conductivity levels

above 6 mmhos/tm, irrespective of salts used was 31gnifu:antly

T 4 Ly w

effective in reducing the nUmber of leaves per cent. Moreover,

there was a significant interaction between salt and conductiv1ty

RV

as regards to number of leaves. Na2804 (86 mmhos/cm) had maximum

l

(383) number ‘of leaves ‘as compared £o other salts ‘at the e
. same conductivity. This was EOIIOWed by mixture of salt,CaCl

NaCl(all at 6 mmhos/cm) Na 804, mixture of salt, Cacl2 and-

2
NaClL( at 9 mmhos/cm) with 350, 307, 286, 260, 217, 182 and

174 leaves, respectivelyc



Table

6 Effect of different salts and their copcentrations
ontotal:number of - leaves per plant '

e .

Ly EPO e e L

SBalt o cino e

: "“cOnductiﬁity (mmhbs)meECe)i

A3

EETRE TP ¥ - TR SEEL SRR MRS wenTii i Mean ¢ b

R e o

l'NaCl
rNaZSO
Cacl

Mixture

;.“Mean

Co nt rol v .;_'.:..

" S

286 (16. 90) | 174 . 17) ~230.0 (15 04)

fi 383 (19.58):;']‘ 260 (16- 12) . 321 5 . 85)

307 (17 52) f " 182 (13, 48) - 244.5 (15.50)_

‘.’ |

350 (18.70) ;"K 217 (14 73) ; | 283.5( 16.72) -

geiu

331 5(18 18) o 208.3(14.38)

4907 (23113)

‘Control

'Salt |

Conduct1v1ty

*Values

- i b »
! R <

“ r Mo r F
- e . R M

yrrel ' oEn ':‘“C;D-“"\‘at 196 T

VS Treatment # 0 15T
_ $ R Codve e
Salt x Conductivity “_'# 0 20f‘ .

| “,O 14 ..

RN L
2 A Line o
=" 0 10
I O S -
: i R T L =

ig‘parenthee;sze;exegge;elpqot transformation values.

AN



'-?control whereas in different salts EX varied from 54 .6 to"

0

/

4.4; Effect _on leaf area

;

:*The different salinity levels 51gnlficantly .affected: leaf

PN L‘.
L Law AT L F R

area (Table 7) The leaf area was maximum (71.f%ém) under

it e

v

66.3 sq. cm/leaf The 1eaf area: was smgnlficantly reduced at the

e my PN A b e s o g e 3 Y, e
e B T T T T A

conductivity level of 9 mmhos/cm. The 1nteraction between salt
‘and conductivity was’ signifﬁcant.The reduction -in-leaf-area -
was lesser under Na2804 (9 mmhos/cm) as compared to NaCl

(6 mmhos/cm) Among various salts. ‘leaf area was minimum under

SO (6 ‘mmhos/

mixture of salts (9 mmhos/cm) and maximum under Na2

em). A e

4.5. Fresh ‘and dry weight of 'léaf

wTheldata perta}ning‘to‘fresh and dry weight of leaf
.sre presented in-stle 8;1 | |

The fresh welight of leaf significantly decreased under
hall salioityeleveiswas cdﬁﬁé}éé'to control. Among ‘various
.salts, CaCl had maximum (0 616 g) fresh welght. followed by

.......

Nacl N’a2804 and mixture of salts. Increase in conductivity
'had more’ deliterious effect on fresh weight. Interaction
‘between~salt»and conductivity was slgniflcant Chloride
Jsalinization at 6 mmhos/cm had more fresh welght as compared

“to sulphate salinization( 6: mmhos/cm) but reverse was true with |
increase in COHdUCthitY. |

Contrary to fresh weight, dry weight was’ signifﬁ:antly

higher under Na2804 treatment as compared to_mixture of salt and

chloride‘salinization. However, .all the salts sighificantly
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h“é also 51gnif1cantly reduced the dry weight content of leaf.

£

f.reduced the dry weight of leaf as compared to control The

7f¢:dry weight varied from O. 197 to 0 126 g Increase in conductivity

-

';f Na2 4 and CaCl2 at 6 mmhos/cm showed same amount of dry

S matter accumulation on per leaf basis.

LR

B weight, whereas; CaCl2 and NaClq at 9 mmhos/cm had equal dry

1

On the basis of fresh Weight/dry weight ratio, Na., SO

L 2774
5:'was noticed to be less deliterious in reducing dry weight as '
2i; compared to mixture of salts and chloride salinization.

4 6. Fresh and dry_weiqht of stem

The" perusal of the data given in Table 9 ‘would indicate
that fresh weight as well as dry weight of stem was, significantly
’ more under control in comparison to different salinity levels._r

waever, Na2804 had more fresh weight as compared to other

J

salts.

The fresh weight of stem varied from 512 9:g (control)

?‘; to 198 8 g (NaCI, 9 mmhos/ch. Increase in conductiVity

\"‘

significantly reduced the fresh weight of - stem. Nazso4 at
6 mmhos/cm showed significant increase in stem weight (378 4 g)
as compared to other salinity treatments.

Similarly. in case of stem dry weighto control significantly
had more dry matter as compared to other salinity treatments.
NaCl at 9 mmhos/bm signifiCantly reduced the dry. matter -
accumulation in stem as compared to other salts. Contrary to
fresh weig_ht;;CaCfl2 at 6 mmhos/cm had more dry weight than

7 mixtureﬁof salts;-however, the_difference;yas not significant;'
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Among %he different saiinity treatments, Na280 had the highest
dr§ matter-content at both the conductivity levels whereas
"i- other;saits haa comparatively lower ary matter..HoweVer, at -
5 6 mmhos/cm 6aCl \and mixture of salt behaved shnilarly but at
g-ug mmhos{e% th%re eas Variation in dry matterhcontent between
. these two)treatments- Statistically there was no significant

‘_,. D e

difference in dry matter content of stem under Nazso4 at

5 M 9 mmhos/cm and mixtum of Salt at 6 mmhos/cm conductiv.ity:
i

Contrarytto fresh weight and dry weight. the increase in

?3Q conductiv1ty did not “reduce the. fresh weight to dry weight

} ratio. Higher fresh weight/dry weight ratio (4.36) under

n... Jwed

ot Na01 at 6Emmhos/em was closely folgowed by control Cacl2

.- - [ e {4 "3 il ¢ .

L mixture of salts (both at 6 mmhos/hm ) and’ NaCl at 9. mmhos/cm._
. : i

4 7 Fresh wei t and drv weight of roots

e 0T e g

The data presented in Table 10 show that both, fresh

and dry weight were significantly decreased under diffefent
sal inity 1eve1.s. EY ' ,'
e
:{ Control with 186 42 g fresh weight was followed by 6 mmhos/

i :i 'u“

cm Na2804 and Ca012 yith‘138 25 g and 123.90 g fresh weight

[ e

-

= of root, respectively. NaCl was significantly more injurious

as compared to other salts. Higher conductlvity of Na2804
f i PR .
was less dqterious as c0mpared togNaCl and mixture of salt.

The dry weight,'among the different salts, was 51gnifiantly
i

salinization while reverse was true under
t

higher under Na2304
NaCl Further more. higher conductiv1ty had significant effect

; } -—.! ,.
on dry’ weight reduction. The interaction betWeen salt and

‘3 -—M_ S '

H o kP R o E
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57
conductiVity Was significant, but NaZSO ( 9 mmhos/cm). mixture

A - !

. of salts and CaCl( 6 mmhos/cm) were not 51gnift:antly different,
'when compared with each other. :

Contrary to fresh and ary weight, there Wwas no significant

f

difference in fresh weight/ary weight ratio under Na2804 and
Cacl2 at two conductiVity 1evels, however, the differences

were significant when compared with each other.
ﬂ_».“,!, y
4, 8 Lenqth of primary and secondarv root

The 1ength of primary and secondary roots under different

i * ¥

ifff salinity levels was measured and the data is presented in

¥
¢

-3
§'=

-z_-j"f;}-Tabie 11. .

§ The nature and conductiVity of salt greatly affected the
- primary root | growth The maximum root length (36.9 cm) was

observed under control. However. <’.:a(:12 recorded significantly
f N . i3 .

=jf'-‘;i;;’.rrlolre primary root length (25 .6 cm) -among different salinity

“'; levelsi NaCl showed srgnificant reduction in primary root

length (19 31cm) Increase in conduct1Vity signifx:antly

A suppressed the ‘oot 1ength Except Ra,SC, and mixture of

salt at 9 mmhos/bm, the interaction between salt and conductivity

 was signifn:ant. The length of secondary root among various‘
salts varied from 38. 7 cm(CaCl 6- mmhos/cm) to 21.2 em (NaCl,
9 mmhos/cm); However, among salts, Na,80, and CaClz)were almost
-equally effective in reducing secondary root 1ength The:'
.highest (54 3 cm) secondary root length under ‘control was'
followed by CaClz, mixture of salts and hazso4 { all at 6 mmhos/
_cm} with 38. 7 cmy,. 36 6 cm and 35 2 cm,respectively. The

i

'interaction between salt and conductivity Was significant
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salts. The increase in conductivity 51gnir10ant1y increased

~ the RWC under chloride salinization, but at 12 mmhos RWC was

signiflcantly IOWered.~Contrary to this, Nazs(')4 and mixture—
:tof salts reduced the RWC with the increase in conductivity. |

.tTUnder different salinity levels. highest RWC (86 0%) was observed

under NaCl (6 mmhos/cm) and the lowest RWC( 80 2%) under Na2804

(12 mmhos/cm). Similar trend was observed at 210 days after

transplanting. However. RWC after‘210 days of transplantingfﬂ'

. Was more than that at 90. days after transplanting under all ’

"sjtreatments.i

5 3 Leaf water potential

Water potential of the leaves declined.ﬁith increasing

I'kconductiV1ty levels of all the salts at different sampling dates
't(Fig.S) Appendix III). The reduction in leaf water potential ‘; |

f;;with varying levels of NaCl, Na SO4A CaCl, and mixture of salts

i was comparable. There was’ a rediction of -5 to —10 bars in

ﬁjleaf water potential under all treatments at 12 mmhos/bm _

?iconductivity at 110 days after transplanting. However. differences

:Zwere reduced to -1 to ~2 bars at the final date of sampling.

'L'Na2804 at 6 and °] mmhos/om conductivity showed lower 1eaf

.. water potential as compared to’ NaCI at same conductivitias.

' On last sampling day, control and NéCl at 6 mmhos/bm 1eaves _
.thad almost equal (-12 34 and -12 67.respectively) water rotential
‘whereas the sodium sulphate at the same conductivity had —14.83

5 e The maximum p‘_ 15 67 bars water potential was’ observed <

: under Na2804 at 9 mmhos/cm at 190 days after transplanting.
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5.4. Diffusive resistance of leaf

\ :
/

The_data regarding,diffusive resistance of adaxial andf
abaxial leafﬂsurfaces-are preSented in Fig;‘4a and 4b and'd
:t Appendix IV Aiperusal -of data reveals that there wasoanl
1ncrease_in lower and upper leaf surfaces with the increase‘;
in salinity.levels, irrespective of type of salt. However,
" diffusive resistance of'npperleaf surface shcwed‘a consistent
‘ decrease with advanced sampling dates On last sampling date ‘
| ';Cgc1 at 9mmhos/cm conductivity showed maximum (3.58 sec/cm)
_'diffusive-resistance which was closely foliowed by BFaCl
(3.51 sec/cm) at the same conductiVity. |
DiffusiVe resistance of 1ower deaf surface, unlike'the
upper surface. showed an increase with the time in control
‘plants as well as ih all the salts. At the final sampling date,
;-*greater resistance with chloride salinity at higher conductiv1tyi
levels was recorded as compared to sulphate salinity Diffusive
lresistance of lower surface was higher than that ofF upper

';jsurface, both in control as well as. in different saltse

6. Biochemical estimates

6Gale Chlorophvll contents

Chlorophyll content of fully expanded leaf decreased
‘isignificantly under different salinity levels, as c0mpared to
‘control . (Table 14} . a | ; o
Significantly high contents of chlorophyll ;a',Chlorophyll
'b! and total chlorophyll were recorded under NaCl salinization

as compared to other salinity treatments. However, highest.
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content of chlorophyll was obtained under control. Chlorophyll

'b‘ nder Na2804 and CaCl2 types of salinity were same (i.e. B
'.0 664 mg/g) Chlorophyll content was inversely proportional

to conductivity. Chlorophyll a .‘chlorophyll 'b" nd total

fchlorophyll content were significantly high under Cacl (6 mmhos/

. em ) as compared to Na SO4 at same conductivity. CaCl2 (-9 mmnos/_

L2
A cm) showed minimum (2 09 rng/g) and Na01(6 mmhos/cm) had maximum

q

*

;{ _(2 43 mg/g) total chlorophyll contents. ';."

6 2. Free p oline content

i H

Proline content significantly increased under different - V -AS

salinity levels at 90 days as well as 210 days after transplanting,

f;vas compared to control ( Table 15).;

4

At 90days after transplanting, the maximum proline content

'jti (18? 1.Mg/g )Was under NaCl(12 mmhos/cm) while minimum (56. 9.ug/g)

;lf,Was recorded under N’aZSO4 ( 6 mmhos/cm} .There was a significant

’

g increase in proline under different salinity levels.‘except

}

.? under Na2 I4 at 6 and 9 mmhos/Cm,_as compared to control.
f;i Irrespective of salt. proline content increased with the:':;"“
increase in conductivity. The interacticn betWeen salt and
.'conductivity was significant. NaCl at 6 mmhos/cm showed more‘

proline content ( 90. 2-“9/93 ‘than Na2804 at 12 mmhos/cm _"'”““*q

f "(87 B.ug/g) waever. the differences between the valuas were

&

.“not statistically significant. Mixture of salts (12 mmhos/cm)

fishowed significant decrease in proline content as compared to
'individual salts of chloride salinizaticn at 9 mmhos/cm.
Similar trend was observed even at 210 days after

N

? transplanting. There was a general increase in proline content



A..”H L R TSR T 62 R ._.‘.._

ates

huabﬂuodﬁcoo

zepr T 5 T Tmo U Sigie " Karapaonpuop X aTes
9* L 6° ¥ auawIRaIl, A TOI3UO0D

¥T 3AB*a*D ‘ . ‘ %T 32 *q'D

L Yeos o Lo o

Lenow €€t ‘ﬂf;mw__w.mwﬂwaw.mu S TUTRT 0°€eT . bLL

cLootEET w HmH C.ostEi etg0T n.mmﬂ..ﬁ.oﬁw,.w; ‘9°8L

wmr¢¢ﬂ_\..yw_:_ zr6sT _m,k‘“ zo6ZT . zezT - 9r6ST  0°T¥l  T°98

a1 0 L lowsl o zieL ¢ et0L . 8tL8 T'e9 ¢ 6 95

B2 m¢ﬁ R h.mmﬂ _a U TUSET . 6ebT x.ﬁ.hwﬂ‘ m.mnﬂm C 2°06

RS

cpe

rr

;i 1ox3u0)y

) :mmz
wusvxﬁz
Zisen

~ TosPen

TO®N

b ) Lo B . - - . o

et L B i g e g AL G R

't pupquerdsuely Ieaye skep 0Tz 3v - - burjuerdsueln Io3ze sAep 06 V.

ﬁwummm EU...\.M oyunu) - KataT .a.u.DU.QOU. Lo

o

-aTes

. ﬁuzmﬁmz xmmuw m\mnq ucmpcoo mcﬂﬁoua
wmum uo chﬂumup:wUGOU ATy pue s3Tes ucmumMMH@ mo powumm‘.mﬁ wHQmB



70

under different salinity levels except under NaCl salinieation.
' Moreover ; at1210: days the proline content was more.under
Na,50, ( 9 mmhos/cm) salinity as compared to control.

6.3 ‘Free amino acids _ 4 |

“ e -

The perusal of data presented in Table 16 clearly

indicates that all” salinity levels Significantly increased
free amino- acids (mg/g fresh. weight) as compared to control . ;

- Qut Of.different”salts,'mixture of salts_showed signiﬁﬁent.
increased in “'free amino acid éontent folléwed by.CaCl,, NaCl ;
B and”Na2504 Increase in free amino acid content was linear i
to- conductivity. However, NaCl ( 9 mmhos/cm) showed maximum
(1.51. mg/g) free amino acid content as compared to CaCl2 and
other salts at same conductivity. Interestingly, NaCl at 6 mmhos
'showed minimum increase (1 19 mg/g) in free amino acids as
compared to other salinity levels.Reverse was true with

2804 i e significant increase in free amino acids was
observed under N’a2804 at 6 mmhos/cm thah its 9 mmhos/cm

conductivity.

_ “6.4; Total-nroteinﬁ Significant decfease in protein
content:(mgyb fresh weicht)iwaS'reCOrded under'different salinityl
as compared to control ( Table 17).
' The minimum protein content (20.5 mg/@) was recorded
: under Nacl (9 mmhos/cm) While-comparatively higher (30.1 mg/qg)
content was ebserved under Na2804 ( 6 mmhos/cm) ‘out of different
alinity treatments. NaCl significantly reduced the protein -

followed by CaClz, mixture of salts and N32504. Increase in :



;Tabiéiié.:Effect of different salts. and their
_ concentrations on.free amino—acids
. (mg/g fresh wt.)" -

- b me e ek =l

salt” ' Conductivity (mmhos/cm ECe) -

o gt 6_ .. R M A, 9 e : ,¢ Mean -

PR S PR
.__'Na2304 | S 1 ;33 o o 1'26 -. $.30
Cacl . 131 145 1.3
ﬁ{§ture." ; 1.38 . 1.43 1.1
--Mganl_ B r1.3dﬁ_.;  1.1

Control ' ‘. - 0.96

c.D .";-;t 1%
} Control VS Treatment =' 0 04,

. Salt x Conductivity = 0 05 :

lConductivity IR é_ ,D 02

'}Salt . o. 03'



Table 17:

a2

Effect of different ‘salts and’ theirl”
. .concentrations on total insoluble
”“proteins (mg/g fresh Wt o) :

Salt

&Cdnductivity;(mmhos/bmiECe)'L

f NaCL . =~
‘Naj SO,

'.:Mixture. ﬂ_ﬁ -

Mean i_

Control .

E_3p;i'f3_;Jf‘_;24 .8 o C27.4
 .ﬁ?§,74_"  1;._:32.5 o 1”h24.1
26,9 . :121 6 'f_ ;'”24 3

,.".;"- y 31 .9 e : "::__ "g i

sy P

od e !

NI S
A

25 .2.") ) _:- ’ N . ‘ 7- 20 05 ’ : . . 22 08. " y

~Control . VS Treatment 3‘1;1;3;;_ .

'¢.D. at 1%

PR AR FHOER IR SRS

:Salt x Conductivity vfg --1;7?

‘.ConductLVLty_ﬁﬂﬁ

‘Salt

'.i #:110 9

R ‘II - 1 2 e :;‘.., ‘ .5

' e
2 s
. i .
1 L e

e



73

‘conductivity significantly reduced the protein contents
irrespectiVe of salt,used. Althcugh, the interaction between

_salt and” conductivity was significant yet. Nacl*and CaCl

N Pt S i £

zl
each at .6 mmhos/cm had practically thesame protein content.

R W

The-difference. in.the. protein content under. Na.S (9 mmhos/cm)

2 4
and- NaCl (6 mmhos/tm) was ‘not” significant.equ*

Tt e 4T R s W1 g R T e o o, 1 st e s L e an

Organic acid content . S s

o e b o b LR L. Bao AnHE e A g

The data pertaining to organic aCld content“(nes of NaOH/

H
a0

100 g) is presented in Tabie 18.

significant increase over control was recorded under

e - + -

& . [

‘,different sallnity levels. The maximum increase in crganic‘

R P r:,_"l;

o ~

hacid content ( 4. 99 med NaOH/iOO g) was observed under NaCl

(9 mmhos/cm) and lower content (4.59 meq NaOH/ 1C0 g) under
i)
Na2804 (6 mmhos/cm). NaCl significantly increased the’ organic

acid’ content which was “followed by CaClzc ‘mixture of “salts and

Na2504,respectively. The increase in organic acid content

was observed with the increase in conductivity. The interaction ‘

between the salt and conductitity 31gnificantly affected the :

&

LA

'iorganic acid content. Na2804'at 9 mmhos/cm had the same

\'
A_A ,i.» q

'organic acid content as that found under mixture at émmhos/cm.
‘However, NaCl at 6 mmhos/cm significantly increased organh:acmL
content as cohpared to Na2504 at 9 mmhos/cm. | -

6 6. Enzvmatic studies

6 6.1. Peroxidase activity. The data with respect to

_effect of different salinity levels on the peroxidase activity
(enzyme unit/c fresh weight) at 85 days and 205 days after

transplanting were recorded and is presented in Table i9.

\n
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| Table: 18: Effect of d:l.fferentf salts and their
: ﬁ‘};:;_% concentrations on organic acids content
! i LT (meg of NaOH/ 100 g fresh weight)
; : ‘.:‘ é H . Co- ) . : .
SR & B
Salt f i ; f, . Conductivity Kmmhos/tm;ECe)
" D e ‘g ‘ Mean
-‘.. PR : Y A E) v.-- N 3 E - #
; Loun T T RN { FiooGe e *
'NaCl on P 4383 o e 4.99 } * 4,91
; : - i Tooeroan
1 4 L i -
CaCl 4.75 4.91 4.83
i 7 W S
Mixtura il 4 66 coo 4.72 4.69
. : T E \ 5 *r
Meanﬂ' i' 4.71 4.82
: i . ;
Control § 3 44 : )
_ . ; e 3 . GTUARLS
? S : ] N ; .
? I r - ,’- ;. o “ .w % g o e L b e A A "'.“I““ 3O4rsi
S CDCAE 1% i -
:'. i l: ":'J-,).- ;t:m L..,’ 24, ,:7:,'\‘5.', i . "a"-‘_,:.i’~ :, S il
',Control VS Treatment 0.04 i ‘
Salt x Conductivit‘y = 0.05 S
N . i . i
Conductivlty ﬁfﬁg * 0 02: !
' v oo e
Salt Co ; : “o. 03 !
i j b s o f P )
R G ok |
; | .
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L] c
, :

An overall significant increase. under all salinity levels
at 85 days as well as: at 205 days after tranSplanting, was!
?y_recorded as tompared to control Among the various salinity
.1evels. highest peroxidase activity. (1382 &. u/g) ‘was .recorded
. under CaCl2 (12 mmhos) while lower activity(811.3 enzyme unit/g)
fr?'was observed under Na2804r( 6. mmhos/cm).The control recorded’
1owest (586 7 enzyme unit/g) peroxidase activity as compared

to all salinity levels. Among various salts. plants under ';}if

CaCl2 treatment showed maximum peroxidase activity followed

4 by NaC1, NaZSO and mixture of salts. Furthermore. increase in °

’

conductivity increased the peroxidase activity.

Similar results were recorded at 205 days after transplanting.

However. the overallvactivity of peroxidase Was reduced under
all salinity treatments as compared to activity observed at .

85 days after transplanting.g

; 6. 6 2 Amvlaee actiVity-; The amylase activity was

significantly increased under all salinity levels at 85 days

and 210 days after transplanting as is obvious from Table 20.
" | All the treatments significantly increased amylase activity

over control.The maximum amylase activ1ty (577 enzyme unit/b)

T
was recorded under NaCI at 9 mmhos/cm while the minimum

(305.7 enzyme unit/g) was recorded under control. Increase in

conductivity upto 9 mmhos significantly increased enzyme
_ RS
' activmty‘ At 12 mmhos/Cm conductivity of NaCI the enzyme

activ.‘nty was’ reduced significantly as compared to 9 mmhos/cm
4
NaCl-treatment. HOWaver. it was still more than under NaCl at

¥
3
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6 mmhos/cm. The chloride type of salinization showed higher

activity of amylase under NaCI at 6 mmhos/cm than under

™ k "\.\ “\?
boae .

:_ Na2804‘at 6 9 and 12 mmhos/cm. QG : 4§‘j.; . Q
Similar trend was observed at 205 days after transplanting.
.' ' : }: Y
HoWever, the activity,in general. was reduced. f3 =

3‘» 13

6 6. 3 RNA and DNA content at 95_days after transplantinq.The

sy

. data presented in Table 21 clearly reveal that both RNA and

*2,

DNA contentswers significantly reduced under all treatments‘“

‘as compared to control.r,, T; o _ A
- S DT

'ﬁ': Among the different salts.,NaCl 51gnificantly affected RNA
2 i } AR o :

content follOWed 5% mixture‘! CaClz'and Na2504.60ntent o} RDJA‘

A . l ..\, .‘: ‘-_1 ' 5 P, .."-

significantly decgeased Wlth the increase in conductiVity.Lowest

:' J e L '«‘1 . f . i

' lu‘?RNA content (0 88 mg/gJ was recorded under Na01 (12 mmhos/cm)

¥

cwhile highest RNA content was found under Na2804 ( 6 mmhos/cm)

o - e
Lo ] [ B A v r_‘,-

ffHOWever, there was no significant difference in RNA content
e ond Caely:.
"xfunder a SO4R,each ‘at 6 mmhos/em, with 1.76 mg/g and 1. 71 mg/g

i"reSpectively. é o el e

,'.J‘._ !

Contrary to RNA, DNA content Wwas more reduced under

'fi_ﬁa2804 salinization followed by NacCl, mixture of" saltxand CaCl2

'fE'Higher conductiv1ty levels had significantly lower DNA content.

r

5 Among different salinity'levele EaCI (6 mmhos/cm) observed

o maximum ( 0 300 mg/g) DNA content whlle minimum DNA content
t a
(O 207 mg/g) waslalso obtained under same salt at 12 mmhos/cm.

e

_ f The data regarding RNAQ DNA ratio revealed”that this ratio
was | signifi:antly reduced under NaCl followed by CaClz,mixture

of salt and Na2804. Chloride type ‘of salts were more deliterous
_than sulphate salinization. ;;' f : ,;

; _.\.‘. 'L.. L

oy b I R
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6.6.e.wRNe and DNAvcontent at*215'dazs after transplanting‘
Under all salinity levels of RNA content (mg/g fresh
weighe) decreased significantly whereas there was no
'significant difference in BNA content (Table 22)

Among various salts, mixture of salt significantly

reduced the RNA content followed by NaCl. CaCl and~NaZSO4.
-However. the differences in NaCl, Ca01 and NaZSO salinization

were not significant The lowest RMA content (1 69 mg/g) was

observed under mixture at' 9 mmhos/cm While highest (2. 16 mg/g)

H

RNA content was recorded under Na280 and CaCl2 each at 6 mmhos/

T

‘am. ~y: _;f : R o : Lo : oo

A

T There was no significant difference in the nNA content

under different salinity levels as compared to control.

’

'vHowever, O 357 mg/g DNA was recorded under control followed by
CaClZ. NaCl, Na2804 and mixture of salt.

e Among different salts. the Na,S0, showed significantly
higher RNA/DNA ratio followed by CaClz. NaCl and mixture‘of ;'
_;salt. Increase in conductiVity s1gnificanqu decreased the
RNA/DNA ratio. There was no significant difference in RNA/DNA

ratio at: 9 mmhos/cm and 6 mmhos/cm of Na250 and-Naql

4
salinization, respectively.

:7. ’Mineral composition

[

7 1 Nitrgg n

The -data concerning per cent nitrogen in leaves, presented

p

in Table 23, clearly reveals that sallnlty significantly

-

1ncreased nitrogen content over control Different selts behaved

i

differently regarding nitrogen oontent of 1eaves. Increase in
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Table 23 Effect of different salts and their
e - ‘concentrations‘on nitrogen content{(%)
.. ... of guava leaves - . |

‘Salt “‘ ';Ji_ PR Conductivity (mmhos/bm ECeJ

; 6 S _.9 ; Mean

2S04 T 2e23 |
‘CaCly © /07243 T 2aae T 204

o Na.80: . B TR R 2 23 e S ‘ 2 .31 B ‘?_ -2 .27 o § R I

:”Mixture"”if‘?¥‘”2;28 ST T 3 B P b |

Mean 2.4 23 o
T ees e Rrese v emene o Sy i TSR

Comtrol - . 12420

ST ol ae o
ot H , ) T 1% , '5% . R

fControl VS Treatment “f-d'dédh.%o 02
Salt x Conductlvity . 04ff 0.03
'Conductivity o f”  0.02 0.02

:Salt o SRS 0;03'”7?0.02



! L)

conductiyity rasulted in increased nitrogen'ccntent under
2504 and mixture of salt whereas NaCl salinity caused
‘ significant reduction w1th increase in conductivity. Calcium
chloride recorded s1gnificantly more (2 44%) nitrogen per cent

followed by : NaCl (2.39%) ' mixture of salt (2. 31%) and Na2804

Fa

(2. 274).;The interaction between salt and conductiV1ty was .

significant But, increasing of CaCl2 salinity had no

i

g ‘significant effect on nitrogen content 1n 1eaves. The maximum.-
X’

ki

Q nitrogen content (2. 44%) was recorded under CaCl2 (9 mmhos/cm),{

followed by its 1ower conduct1v1ty. However, the differences ”;ﬁ¥?ﬁ

e

were not signiflcant Plants under NaCl treatment (6 mmhos/cm)
: ﬁ. recorded higher nitrogen contenh { 2. 41%) than at 9 mmhos/cm. ”’,ﬁ
The N content was increased cmnparatlvely more under chloride

salinization that\under sulphate sallnization.y

o,
s

*'72ermmmnm5;§f:_r

The perusal of data in Table 24 reveals that P content

: “‘ >

2 }f.of leaves decreased with increasing levels of sallnity in the
| soil P content Was significantly highet with Na2 4 salinity
5 as compared to chloride type of salinity.rThe interaction' |
between salt and conductivity was- sxgniflcant, however, the-
differences within salts of CaCl2 and Na2504 sallnity at 6 mmhos/
cm and 9 mmhos/cm were not s1gnificant. IR

7.3. Potassium | ': -

E Control leaves 51gnificantly showed more (1 22%) K as

compared to all salinity levels (Table 24).‘Increase in

: conductivity significantly decreased the K content - Among

1
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..the different saltS; NaCl leaves had lowest K "followed
e by Caclz, mixture of salts and Na,S50,. The content of K at

'different salinity levels varied from 0.70 per cent (Nacl at

"-79 mmhos/cm) to 0 93 per cent (Na2804 at 6 mmhos/cm). The

,interaction between salt and conductivity was found to be

PO

':-{'significant. %

._..I,-é

7. 4 . Calcium and maqnesium : }i -

--1. .

'The data pertaining to calcium and magnesium percentage a"

--A

iin guava 1eaves under different salinity levels are presented R
o "_J.n Table 25 . { | : -. . - o IR o éf ‘
The nature and conductivity of salt present 1n soil . 'f ,;

i - ) X . - E
. .> s

';significantly,affected the calcium content in leavos as
,lcompared to control Among the various salts, CaCl leaves-ﬁfi;

laccumnlated highest content of calcium followed by mixture of

1

:nsalts, Na250 and Nacl, respectively. The interaction between

4

| f-salt and conductivity was significant.i. At 9 and 6 mmhos/tm,

£

’3Ca012 shOWed maximum Ca content (2.94% and 2. 42A respectiVely)
:in leaves | followed by mixture of ; salts at 9 and 6 mmhos/cm.
l!whereaszg§Cl and Na2504 salinityrcalcium content of leaves
g:decreased significantly with increase in salinity.

7

‘*Contrary to calcium, magnesium content in 1eaf was found

- .(—

r'

g‘to be significantly lOWer under sulphate salinization followed

by Caclz, mixture’of salte,and NaCl The increase in conductivity

"fj: decreased mg content of leaf. The interaction between salt

"

and conductivity was significant. Among different salinity
levels. the’maximum absorption of Mg content (0 913%) was
observed under Nac1 (‘6 mmhos/cm) while it was; minimum (0.697%)

under Na2804 at 9 mmhos/cm.
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T.5. Chlq;ideL sodium'andusulphate .

The data regarding chloride.”sodium and sulphate content
in leaves grown under different salinity levels was determined
and are presented in Table 26.

The perusal of data clearly indicates that increase in
salinity significantly increased chloride content 1n leaves. |
The maximum'increase was observedfunder CaCI salinity followed

by NaCl and mixture of salt,irrespective of conductivity. No 249

difference in chloride content was observed between control and

At 2T

‘Na2804 salinity at both the conductiV1ty levels. ';"ﬁ
The sodium content of leaf was also found increased with'fglf
_increase in salt concentration in soil in general and with
sodium dominant sallnity in particular (Table 26). Pronounced i
'increase in Na content of leaves was observed with NaCl
-f_indicating;en increase of_four times as the_conductivity
increased from 0.08 mmhos/cm (control)to9'nnhos/cn.An h
u'lincreased*Na content‘wasealso.ObServed with Na2894 and mixture
jof salt. | | | ' |
The data in Table 26, regarding sulphate content indicates
that among the four salts applied, the sulphate content in the
| leaf was found to be highest (0. 36%) under N32804 type of
salinity (9 mmhos/cm) followed by N’azso4 mixture of salts and
NaCl (each at 6 mmhos/cm) with 0.3 per cent, 0. 21'per cent and
0.19 per cent, respectively. The content of sulphate found under
Na,S0, at »ﬁ? mmhos/cm was just double of that found under CaCl,
at 6 mmhos/cm. Regarding the effect of individual salt; an

increasing trend was apparent in Na230 type of salinity whereas

.-reverse was true under.NaCl and CaCJ._2 salinity.
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 DISCUSSION .. L -
The present worh Was undertaken with the obJective to
study the effect of different salts and their concentrations

ongermination . growth mineral composition. water relations

s

and metabolic changes in guava.

Effect of salinitv on qermination and seedling qrowth .

N

ji The results of present study 1ndicated that nature andk
concentration of salts not only delayed but also 1nhibited B
the seed germination. Na 804 salinity was not as injurious‘f“'ﬁ

W

to. germination as: NaCl, Ca012 and mixture of salts. At

12 mmhos/cm there was. no germination under mixture of salt, .
NaClqﬁlCaCl ‘whereas, it ;was 20 per cent with Na2804. Mixture
of .salts proved more deleterious even at 6 mmhos/cm.Ayers
and -Hayward (19§B)Jalso found‘that higher saiinity leveis,?
aggrauated the<deiay,in.emergence'and also decreased'the'QJﬁ.
rfinal germination percentage.,simllar results have been
reported in mulbe@y (Bahodyrov,1956). dates (Hewitt 1963): and

Zigzyphus.: rotundifol ia (Dhankar et al.,- 1978)

In the present- study, the reduced’ and differential:
germination.percentage of-guava seeds underndifferent-salts.
at:lowerBieVeIS'can'bE'attributed to osmotic effect of .salts.
A general-inhibition OE‘germination at'higher concentration
of salts-may‘be{due{to"sloWed.h&drationQOfiseeds*under-”*
different?ions;‘Th%sioWer'and“redUCed rate‘of'hYdration”T
may have reduced ‘the rate of hydrolys;s of reserve food ‘

material which in turn affected germination. However, a higher

germination percentage with sodium sulphate as compared to-



| 90
sodium Chloride, calcium chloride and nixture of salts Al
suggests . thatthe: eifect of salinity on. germination lS not
.merely an. osmotic one but ions reSponSLble for. salini ation
also have their own effect -Decrease in rate of- seed
germination in: reSponse to. salinity has been Well documented
(HsssonéPbrath et al.,1972 ‘Ungar,1974 1978 Panigarh et al. ,
__1978)'and'each species appears to have thresh—hold suction
value for its germination (Hunter and EriCkson 1952). Prisco 3 ‘
and O Leary (1970) and Tur et al 0980) suggested that the__}. .

effect of salts is mainly osmotic at IOWer levelu but appears"ﬁ

R

 to. be primarily ionic at. higher lovels, Sheoran (1975) observed

e

J~-that increase in salinity ( upto 10 nmhos/cm) slowed down "ﬁt_,;

the hydration of cotyledons of moong and gram which in turn‘i”r
"reduced the’ germination percentage° 1 S ”“”5ffl”"
Hypocotyl length ‘oot length and nunber of secondary
E root° Were Significantly depressed by the type of 'salt’ and
?1ncreasing salt" concentration .Growth of embryo a%is and

"rcots were - grestly reduced with chlorlde type of- salinity

S as compared to sulnhate type.'Secondary root - emergence 1s more

sensitive.to salt: stress:. A complete 1nhib1tion of: secondary

- roots. at: higher conductivity levels of salts was observed.,r -

- It seems likely that at lower salt concentration primarlly d
- the cell-elongation_is,1nhibitedowhile at_higher;concentrations

c0in addition'cell'division'is’also affected HaSSon-POrath“

. et al. (1972) also reported ‘that sodium chloride vas, more,

.,‘inhibitory to, .pea, seedling growth than sodium sulphate This

was attributed to complete osnotic adaptation of plants .

"to sodium sulphate whereas it was 1ncomplete to sodium

L \ :'}:ir.» PR ...J-.. R A e



chloride. (Guardiola and Sutcliffe (1972), suggested that C ot

| due to initial delay 1n commencement of hydrolytic processes

in the cotyledons under salt stress, the rate of hydrolysis

may not become limiting tn growth of embryo axis at later
ST
stage, but the reduced metabolic activity of the embryonic o

axis itself could be the main inhlbiting factors. In additlon

P PR Y

to these factors, the-accumulation of ions’ in the 1eaves

thereby reducing the growth. -t, ;5aa¢}a1

Effect of salinity on qrowth and development of transplanted ‘}
guava plants o . L . :

”-LHigher concentrations of different salts in soil adversely.

'affected the plant’ grOWth Salinity significantly decreased _’
the height, ‘stem’ diameter, leaf'number, leaf area. freshdahdd'
dry’ weight of’ various plant parts and the length of primary

‘and: secondary ‘roots of " guaya ( Tables 4 to 11) Higher “the
-ﬂ°concentration of " salt, greater the suppression of growth,":jm
'however, the degree of suppression was dependent on the :
nature of salt. In the presené%wzhloride type of salinity ji
-proved ‘more injurious ‘than sulphate type of ’ salinity. Similar
'results haVe been reported in various fruit trees ‘viz. gﬁééa ‘
(Gupta and Bhambota,1968). orange (Furr and Ream 1968) grapes
(Gupta and’ Nauriyal 1973). plum ‘and peach (Nasr et al., 1977)
dates” (Furr and Ream,1968) and mango (Bhamhota et al.,1963).
However, - fresh welight per leaf basis was maximum under chloride
type- of salinity than that of sulphate type whereas reversel

is' true foredry weight The increase in fresh weight under .
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;jchloride type of salinity is mainly due to more accumulation
:fof water. The higher relative Water content as well as leaf B

' ‘water potential under chloride type of salinity as compared to

) y_,

"‘jsulphate type of salinity observed in the present investigation

_[ supports this view. Therefore,mere " Physiological drought“ under

5,

"1the influence of salinity as it is freguently accounted for -

f.does not appear to hold good.

b E . o

Toxic effects of salts cause metabolic disturbances Wlthin

3 o
7
A0

the plant. is very clear from the present investigations.

Nitrogen metabolism including nucleic acia content is grestly ”A_ﬁf

'f"affected In addition. nutritional imbalance and hunger T

there in created cannot be isolated from its effect on plant

;‘ growth The higher accumulation of sodium, chloride and sulphateﬂﬁf

)", ‘.-v..

;f and decrease in uptake of phosphorus, potassium,'calcium and

magnesium under sodium chloride and sodium sulphate type of

salinity are direct reflection on reduced growth of guava plant.

guf Sulphate type of salinity is far less 1njurious as compared

g

to that of chloride type of salinity. This may be because of
.the fact that plants grOWn under sulphate type of salinity.
generally, are characterized by a well developed conductive;ff“
system in their roots along their axis while in chloride type o
of salinity, the water conducting tissue is less differentiated
and vessels are of small diameter (Strogonov(i962) ‘He further

‘ suggested that under sulphate type of salinity in cotton. the
water expenditure on transpiration depends on the degreehof.ﬁ
'stunting of plants. He further found that the ‘more stunted the

-

plant is the less water it would expend on transpiration In T



“the. present study: it has been obserVed that plants under. ;;lﬁ
chloride type of salinity were more stunted as- compared to

" plants under sulphate type:of:salinity.This is«because. the-
~evaporation surface. in greatly stunted guava plants is much
'smaller than the'normal plants. Furthermore, relative water |
‘content of leaf’ is more under chloride salinity than under
i"sulphate salinity The high amount of relative water content
“'is-due: to increased diffusive resistance. of leaf under
.lchloride type of- salinity as. compared toxsulphate type of
wsalinity. The higher difquive resistance .causes lesser {l:?

R

: transpiration and- lower . uptake of water which in turn may ;

vincrease‘the temperature‘Within the plant-(Strogonov.1962):Ef%*l
~Thus,. increased temperature may be additive to the: toxic.
weffects of salts and- thereby growth is affected Furthermore.'
possibly the: hormonal balance is disturbed and ultimately
affects the normal plant growth.;

L Many workers have ascribed the reduced plant growth
on saline media to the osmotic inhibiticn of water absorption,

H

. tOxic effect of ns. nutritional imbalance, production of

-
\ X =

“_toxic substances in plants and ill effects on plant metabolism.

Wadleigh . and Gauch(1944) and Wadleigh and Ayers (1945) suggested-

o that increase in osmotic pressure of SOll solution, by the

A.presence of different salts in the media.,decreased the Water
"uptake of plants, thus, creating a "physiological drought“ This
in turn results in suppressed plant growth. Contrary to these “"

A

leants Philips (1958) reported that thSiological drought

develops only.when-solution cannot pass across the cell. 54



salts penetrate into the cells, ‘cause; an 1ncrease in osmotic
: l pressure of cell henceforth the water uptake . increases. ' |
‘o“Leary-(19?1):putforthsan uniﬁied theory on.this;controversial'
.*i issue statinglthat resistanceiof'roots to water_uptake;increasesr
- under salinityf-thereby;_hOrmonal~transportation‘fromTrootsFto-

| leaves is - reduced This in turn disturbs hormonal balance within
'? the plant At this time plant accumulates solutes and osmotic 5
B pressure of cell sap increases which maintains the .osmotic .,;ﬁ_

gradient necessary for water absorption Thus, it can be, postulated

:'that lower water uptake under salinity is not. the main,factor ;

that suppresses the growth Van Den Berg (1952) pointed out that ,‘i

Ba 7

salt tolerance of some crops mainly depends upon their adaptability‘{
to toxic effects.Toxic accumulation of salinity ions and . nutrient t
imbalance 1n plant dueto excess of these ions 1n soil: and :shﬁ:
plant has been reported by.various workers (Hayward and Bernstein,.

1958 Allisonw 1964).,_uuﬁ1 - 5511i_'. ":ff-«-

Effect of salinity on water relations of guava “plant

‘ fiThe results-regardingfwater‘relations asﬁafféctedlby;”i‘

' salinity:show that chloride type of salinity inauced-mare-

ijrelative water . ‘content of . leaves while sulphate type of salinity

% decreased it (Table 13, Flgzﬁﬂband Fig 9b).These results are’ 1n
_agreement’ w1th those - of Desai (1975), ‘Nieman (1962), Divate (1974)

j Meiri gt gl.(lQ?l)-and,Prisco.end o Leary.(1973).:Leaf water |

'ifpptentialfdecreased,under_hoth'chloride and Sulphate type ofg'”}'

r;.salinity..Althouch;;maximum décreasexWas obserued‘in‘plants'frOm'

)

;'sulphate'type”of{salinity.}Similarly}*leaf diffusive resistance



j is’ increased 1n different salts but” higher resistance was e
.observed from chloride type of salinity. I\l'atur\~ of 'salt ;f
prqduced little ‘increase’ in resistance‘of-abaxialfsurface»but' .
a?large”increase;in:difquiveJresistancefbf adaxia;vsurfacei‘_
”Kaplan“and'Galeh(1972)VE1SO“shOWed:thetTselinization*produced“ﬁa3
1ittle or no' effect in stomatal resistance of upper surface but
ia‘large increase in ‘lower surface. Aceves-N et al (1975) reported _
10 fold increase’ in leaf’ difEuSive‘resistance to water vapour
at —12 ‘bar salt in wheat Both NaCl and" Ca012 behate similarly
although ‘the effect ‘of CaCl 'Was somewhat larger- at intermediate_ﬂ;
“salinity levels. In- the present study too. CaCl is somewhat |
more effective in: 1ncrea51ng the resistance. . :
- The results of the experiments show that the water exchange ;it-
of plant on soils of ‘the ‘same conduétiVity, is determined'by thef
type of salinity._The plants raised on sulphate type of salinity o w.?
showed lower ‘water content ‘and higher rate of transpiration than
the plants raised on chloride type of salinity Possibly the
plants from sulphate type of salinity‘absorb water more intensively
§;from 5011 and expendﬁt more intensively than the " plants from a
chloride type of salinity. This’ change in' rate of water exchange ‘
n'can be-considered as=a*specific-responsegof the ‘plant’ tothej
eftect“of chloride'and sulphate ions. it.is worthwhile”tolmentionuti
here ‘that’ adeguate water supply under sulphate type of ’ salinity
: is ensured by an 1ntensive development of root system w1th much

, larger-lateral.rootS'and-rootlets bearing root hair..However,,_grﬁ'

root“developmentiunder“calcium'chlorideisalinization'too Wastfﬁ



| 5inlturn'caused'lower“toxiC‘effect-ofwsalt. Contrarily.\diffusive

| ”f of leaves and ultimately toxic effect of salt is increased.

f with Nac1. the rate: of | tranapiration of Bochmeria nlvea

'ﬁ'decreased but reverse was..true with sodium sulphate. Strogonov

better but - rootlets bearing root hair were practically missing/

absent. indicating that - the ‘oot hair are 1mportant and, more

'ldasensitivewparameter under"salt Stressa Also theihigher

absorption and higher rate of transpiration consequently

under sulphate sallnization resulted in better water c1rculation

';MWLthin plant.-Thus.~leading;to;auselfmcoollngVof leaves which.

~

‘f resistance ' is much more increased in- CaCl2 salinity because - of

high chloride content resulting in: 1ower1ng th rie of transpiration

4

*

.l Isakova and Chkoniya. (1936) showed that the soil. was salinized L

NP

(1962) interpreted that the amount of mobile and easily

'? exchangeablt waterulncreased‘under.sulphate salinized soils
jjwhile-uhderlchloridedeaterlwas;exehanged with‘difticultyaandrl
ffhencefmore'relative ﬁater-COntent*was-observed.,He further ‘
-gireported that 'high water uptake and high rate of transpiration
F*under sulphate salinized soils lowered the temperature of leaf
"by self cooling and thls in turn’ 1owered the- tox1c effect -of .

; - Salts' RN ‘_"':. S RS

The - increase in: relative water content and 1eaf water ;

'f“potentlal in- later stages is probably due tO leaching effect -flil,
of salts through rain water since ‘the: experiments were conducted

'?fin:the openfl Hﬁgheruconcentrations;of all the,salts drastically

b

,; and reducing the water circulation and hence no self-cooling'jf-_ﬁy

R
;o



.:reduced‘the,leaf water,potential}and increased3the diffusive-
"gresistancel ultimatelﬁ causing.death of theiplant:‘ProbabiYi’

" the. leaf—water potential is reduced to a point where both-:

' osmotic potential and turgor pressure became llmitlng for.

:growth, causind death of plant.“?

._Effect of salinity on metabolism of quava plant

‘ Disturbance in the normal metabolic processes of: guava '
plant under different salts Was observed 1n the present study

i e. various salts caused an 1ncrease in free amino acid. content*

particularly proline, total organic acids,the activities of
‘amylase and peroxidase and decrease in total. insoluble protein,
chlorophyll content and nucleic acid content of the leaves. : "Uf
:JMetabolic disturbances have been reported to be an- indirect B :
effect of salinity (Bernstein. 1962, Passingham and- Kriedemann,
h.1970'-Nieman and Poulson,1971 .and Desa1,1975) ]i..lf_;trfjﬂ'

Marked increase in proline content in: the leaves is:

X observed under chloride type of salinity as. compared to sulphate

salinity. indlcating that the proline accumulation is primarily

an 10nic rather than an osmotic effect Moreover, At . is- interesting

\-.____.__.,. [N

to note that the highest proline aCCUmulation is in. the leaves Qﬁ?d

e [ L T e it g -‘.__,,,,

o L
P .

'taken at 90 days after transplanting Whlch consequently coincides

—

PO it

» . T et it T - s
¥ e e - p— s e

with the period of fall 1n water potential of leaf. Thus: an R ?b
i SR TSR bRt EE A

'increase in proline content could also result due to. internal;gu‘?¥¢

i water content..Chu et al..(1976) also reported that proline | -

_accumulation in barley is. initiated and maintained by fall: in_

'internal water potential but the rate of proline synthesis- is’

£



:ylnfluenced bY ‘the internal concentration of certaln ‘ions: i. e.‘
o2 2+ ‘
Mg© o+ and POSSlblY Ca-g Promotlng and cl” belngwneutral; Na ;o

'K' nd SOW~- '
a | 4‘ belng 1nh1b1tory S0, the less proline content

recorded in the present StUdY under sulphate sallnity appear'

73t0 be due tO gredter lnhiblthn of its Synthesis as{result of
3h1gher concentration Of 50 4 and reduced Mg2 1ons. Stewart

o B e ("

and RﬁQSSS 973) “9 od thas axidatioa af pwolzae Was o
'1nh1b1ted bY NaCl whereas 0D1Y a slight 1nh1b1tlon was observed
leth N32504 fhlS might alSO explaln the lower prollne content

,under sulphate sallnlty. Three main factors may cause prollne;-”ﬁ

1to accumulate under salt stress, First, there may be a stimulation

of prollne synthe31s from glutamic acid: second prollne' e

‘OAldathH may be inhlblted third, 1ncorporatlon of free prolineh
lnto proteln may be impalred. Singh et al. (1973) and Stewart

and Bogess (1978) reported that there is a stlmulatlon of prollne
SYnthGSiS from glutamic aCld: perhaps due to. loss of feed back
1nh1b1tlon of synthesis of intermedlate A -Pyrrollne-S-x_fu,:**
carboxylate (P-S—C) and prollne oxidation 1s inhibited. When‘ .

’stress,is,relieved,the,prollne levels decllne,rapidlylin v1ablejc‘
tlSSUES due to OdeatiOH via Po5.C and also the 1ncorporation.

of glutatmate 1nto proteln. Hence, the decrease in. prollne .content,

\__//""‘——-—-—-—\..

vat the second sampling (at 210 days after transplantlng) -in the

[

leaves may . POSSlblY ‘be: because ‘the plants had adapted themselves
——TTT T e S

to- the sallnlty condltions.

SRR

e e g R 25 SR IR

An 1ncrease in the free amino acids and decrease in the

proteln content 1nd1cates that salt stress may have elther
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acééiéfétéd7fbéddeéfadatiéﬁ”éf‘sroteindér”iﬁﬁéiréd the
incorporation of amino ac1ds into protein or. both The
reduction in protein content io more under chloride |
selinity, suggesting the' high hydrolytic actiVity vis—a-Vis
low synthetic actiVity of proteins under chloride Selinization
as compared to sulphate salinity. The inhibition of protein
synthesis in the guaVa plant leaves under salt stress may be
‘attributed to excessive increase in ionic concentration in

cells. Reduced'protein syntheSis and enhanced hydrolysls‘_m*

under saline conditions 18 Well documented (Nieman and Poulson,;ﬂf
PPAS :"‘;.n_‘

‘».1964 Nieman 1965 ‘and ' Udovenko et al., 1973) Kahane and

Poljakoff-layber: (1968) Showed that both upteke and incorporation
of labelled amino: acids. ‘into protein of. pea roots were reduced
by presence of: salts in the -incubation medium.Sinilarﬁresults
were reported-hy;BenZioniagt al. (1907);in.tobaeco-leaves. wef
Sheoran;(1975)'reported,an!increase in,protease.activity‘ =
under saline conditions whereas: the protein.content was.a
decreased and free amino acids increased Nieman and Poulson
(1971) suggested that salinity suppresses. chloroplast develooment p
which most likely accounts for reduced rate of protein
synthesis .in salt affected leaves, RTTTRTT ﬁlorf_;:‘h:

A decrease in the nucleic acid content is observed N

with the increase in. salinity. More Dronounced effect was .on

RNA content The, decrease. in nucleic aCid content of . plant ‘under
‘salinity may be due to their reduced synthesis and/or

increased rate of degradation as reported by Nieman and

Poulson (196&) and Prisco and O'Leary (1972) hesseler pt al,



10 u“_

(1964)3fépbrtedfthet'salinit& treatmentjEtrOngly;*
SuppreesedeNA5and7DNA$Content1“A decreaseliniRNe‘content'
was{atttibpted'tofthetincreaaed_activity?of cytonlasmic*ﬂz
RNaée}nwherées’decﬁeaee~in?DNA*content couldfbe-due_to ite
impaired eyntheaisf“ROUSer*andVHansen (1966)5observed that
sélinitﬁ'etkeaedcausedﬂleakage‘bf divalent’cations-

(Mg?+) Qnich'hofmally'actlaefEEabilizerfoffribosome againste
endogenoue ndcleaselfee-a‘reeult”of such?leakage>*lower _ﬁ*
content of nucleic ac1d resulted ‘in the plants under sal ine
conditions.~ In the: present study too & decrease in ;d gTTa;

('Ca2+‘and'Mg2-“ was observed under all salts exeept CaC12

‘where Ca was high.-f~-ﬁ “%iﬁi.éﬁfﬁ

Reductlon in chlorophyll ‘content of leaves ‘under: salt
.K”stress. could’ be’ because of the nutritional def1cienc1es,
ﬁate%istress°andrsuppressxon ofﬂchloroplastf The reduction :f
'&ﬁ{bhldioﬁhYlIECdntent ﬁaa“mofe”ﬁnder:snrphateItﬁan
fch;‘ori‘dé:'s‘a'lih‘i'za't'ioh:? Tﬁiéf :i’.s"{-'probably bécause of the «
dhoreIfeductionﬁin-Mggﬁi‘content:obser@ed*under”sulphate

;type of salinity, 'since; Mg2t Kis3the'mineraifconstituentaﬁv;,

of chlorophyll molecule. Deleter;oua effects due to:
‘salinity in the photosynthetic ‘apparatus 1ike: suppression

| of chloroplast development and change in lamellar strueturef
has ‘been reported by Nieman ' and Pouleon (1971) and Lapina

: and Popov (1970) 'In view of " the above facts it is

obvious to’ haVe reduced chlorophyll content ‘in leaves from
*plantsaunder=salt stress.-observedlln present-course ‘of

s S oy
R 4

S ostudy e R e

g -

100"’ .



° ' f,;l‘]i

. : : k \2.':} . ;

An increase in the rate of respiration obserVed is an
i

indication of growth suppression and 1ncreased hydrolytic

'activity in plants under saline stress. The increased rate'

o

44444

recuirEment of the plant for the selective absorption of
ions and uptake of water under salinity conditions..51atyer

(1967) and Desai (1975) reported the increased respiration

s

rate under saline media. Energy requirEment of plants -¢L3Lr

lncreased for water uptake of selective ion absorption ,:'ggw';

' \._,

under salt stress conditions. & ;.;;.quTJ.

RERE

An increase in the activity of amylase and peroxidase~
observed 1n the present study sugqested increased hydrolytici
activ1ty; Salinity is known to affect the peroxidase .;;gif |
activitv.‘Although contradictory reports have been reported .
_regarding peroxidase activity under sallnity (El-Fouly and
.,Jung.1972 Maliwal and Paliwal 1972; Weinberg '1970)’-e
Strogonov (1964) showed that perOdeaSe nust play a role
in oxidation and accumulation of substances,_leading to
melanin formation from tyrosine in necrotic .areas of. cotton
leaves under sodium chloride salinization.,The increase 1in
amylase actiVity observed may be due to increased starch
content Desai (1975) reported 1ncrease 1n starch and
carbohydrate content 1n the leaves of guava, plant under
various salinity treatments.-Similar reports have been
published by Gauch and Eaton (1942), King (1954) and SR
Strogonov (1962) in different crops Under salinity. They

also reported that the increased carbohydrate level may be
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N e L oo oo LR ; . 1(]2‘
_due to the fact that these mlght have accumulated more
irapidly than their utilization for the formation of new k_,f
‘calls and tissues.r: ) | -

: The increase in orcanic acid content”as affected by
salinity shows that organic acid content in the plant is
1nfluenced by the rate of ions absorbed as: well as by the
type of 1ons being absorbed Torli and Laties (1966)‘suggested
that delivery of 1ons into the vacuole effectively removed )

organic ac1d from cytoplasm by forming salt of acid 1n j;};nf

vacuole and this results. in increased synthesis of organic f'ilf

,acids being synthesized It is also possible that excess

ST
+ L

of organic acids are utilized as substrate for the increased

‘respiration_in plantlunder_saline medium.': L ‘_l*‘uJ;;I

Effect of salinity onrmineral.co;position'of leaves:

An obvious disturbance in mineral composition of plants
occur under different salts. In the present study, the o
imbalance was found in the level of mineral elements.\f\ N
;Chloride type of salinity affected more as compared to _
‘:the sulphate type. These results are. in agreement with those
of Makhija et al. (1980) and Desai {1975) There | was any
increase in the nitrogen content under all salts. Chloride
uptake was highest under calc1um chloride type of salinity
_followed;hy;NaCl andlmixturelof salts,”Sodiumrcontentrwas
highest in NeCl followed by Ne,S0,. Caleium content was
ihighest.only in plants raised under treatments_of calcium
_salt Similarly.‘sulphate Was max imum in Na

250,
plants.-The_contents ofyP,AK{‘Ca, Mg.decreased_under,all.

salinity



salts. This increase or decrease in leaf mineral content

'is generally proportional to concentrations ‘of” salts '
present in the substrate. Moreover, the mineral composition
‘of leaves indicate that the extent to which ion’ accumulation

.and ion imbalance is involved in suppre551ng the plant

*, R -‘,.'.,‘ -

growth.‘
‘; Increase in nitrogen‘content under different salts may -
.be attributed to the marked increase in the free amino o

acid content, particularly proline. Strogonov (1962) putr{f

ﬁforth that nitrogen metabolism of plants grown under saline

'v'w«

conditions differs from normal plants because of the higher FF;
breakdown of protein,iresulting in the formation and S g-;
accumulation of intermediary nitrogenous substances.
Reduction in P, K Ca’ and Mg’ ohserved under NaCl and ha2804
salinities in the present study have also been reported by »fj
:Ehlig,(lgﬁo). Shimose (1968) ‘and Desai’ (1975) The reduced’ |
'uptake of these elements is probably due to the’ high sodium
'content in soil Sodium has been reported 'to cause’ deficiency
fof these elements. Firstly, because sodium is comparatiVely
.loosely held in the exchangeable formorso mostly Na© ions o

are released to the 5011 “in the fractional exchange because

'of its high percentage in the ‘soil. Secondly. at high” pH

.....

4 o

Tcontains high carbonate and biocarbonate (however, this’ is
Mnot the reason in the present study J Thirdly, on competitive-
fbasis Nahe;cludes these ions fron absorption and soditm is
ﬁabsorbed as an alternative cation due ' to mass action (Blac)
1967). The higher content.of Ca undsrlCaCl2'and mixture

o



.. Conclusion:

The' germination of guava seed is inhibited under

;saline media, especially .under mixture of salts and "
a

'chloride type of salinity. The inhibition of seed germination

Was probably ‘to reduced rate of hydration and mobilization

[y

of reserve food material from the cotyledonsttofembryo

- axis. The inhibition of seedling growth under salt stress

-

is the resultant of reduced cell div1sion, enlargement.
.toxicity due " to ions andldisturbed metabolism.

Suppression of growth of guava plants under saline ]

il S
LIS

conditions was due to number of factors viz,'reduction in
cell division and elongation; adverse effect onuroot

development”particula}lywoniroot hair, low dry matter production;

‘reduced water status, sﬁppressed synthesis-of protein,i ’

nucleic acids and increased respiration and hydrolytic

ks

vy

"activity._

R, -

- mtesriap s,
——

Proline accumulation seems to be an index of salt injury £ ?
umh—m_..——-._\

rather -than tolerance; ‘because of the fact that marked
-mw—"‘"""”'-""—-—-"""—'-_‘
accumulation of proline took place only under chloride type

of salinity,and_latter was more_injurious than sulphate type
of salinity. - | 0 |

Nature and concentration of salts are more important than
salinity in general. The harmful effects of different salts
may be pnimarily attributed toraccumUIation of Na ’ Cl. and
- ions. | | : |

-
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SUMMARY

3 The. effects of four salts (NaCl, Nazso Ca012 and-' ;3 4

. 4
thelr.mixture) atgdifferent;concentrationSu(6,9;12_mmhos/cm)
on seed germinationJ'grcwthﬂof transplanted seedlings,water
relations.:biochemical'changes.and mineral composition of

-guava'(Psidium‘gnajava'L;)-seedlings werelstedied. The. -

resultsfare.summarised as giveﬁ_below=.1hﬁ
Increasing ‘salt stress in the media progre331vely

delayed and-even- inhibited the germlnation of: guava seeds.

LY

At higher. conductivity levels espe01ally under mlxture of ﬁdf.
salts the germinatlon was totally 1nhibited Seedling g:owth Jr
was also inhibited at higher concentrations especially under <
.chloride type of. salts.,; ?3;:u@ 5“:’1f' ‘zyf«:d;;fﬁ*”
The growth of transplanted guava seedllngs ln terﬁs :
of plant:helght, stem diameter, number of leaves, leaf areaf'
and dry'matter aCCumulatichﬁaS‘greatly-affectediunder'~ -
NaCl followed by CaCl,, mixtUre of salts: and Nazso4 1p;l
All the ~salt . treatments caused injury to the leaves |
and the extent of injury increased with: the 1ncreasing
salt,goncentratlon;: Under 12 mmhos/cm ECe“plant31did_notrpn
surviﬁe.‘g~:ﬁnf'r‘¢ .:\p'
The.primary and secondary root growth was maximum

' inhlbited by" NaCl. followed by mixture of salts;CaCl

a.S0 . ";:114:‘:a31’.__f;f;f1 ,
4 S -

“”Resplration¥rate‘nas?significantly?increaseduwith

Naj

increase' in conductivity at 90.days after transplanting.At
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210 days. respiration rate'under-different salinity levels
decreased,dhowever, it was Significantly higher than control.
: Irrespective of conduct1v1ty. the relative water content

was SLgnificantly higher under NaCl. followed_by'Cacl and

2
mixture of salts.~Water potential of thelleaves declined

with increasing the conductivity levels of all the salts 3

at different sampling dates. An increase in diffu51ve

—

resistance was observed under both lower and upper leaf .

<1

surfaces.-HOwever. upper;surface showed‘a consistent.decreasev,:
with'adVanced sampling date. Diffusive resistanceqpf-lower Rl

‘,'.'_ - T

'isurface was more, than that of. upper surface.

Ty

Proline content Significantly increased under different~
:salinity levels at 90 days asﬂnell as 210 days after
tranplanting.IHighest proline content was observed under ?

: d' NaCl treatment. | | |

o Chlorophyll. protein and nucleic aCid contens decrased

g with increasing concentration of salts especially chloride

: were more deleterious than sulphate type.

All the concentrations of salts increased the nitrogen

: content The P, :K, Ca and Mg were reduced signiflcantly under
all salt treatments. HDWever. Ca was higher in the leaVes
under CaCl2 treatment. ) B | :

| The 1eaves of guava seedlings absorbed constituent ions

' of.salts.(Na2504,_Na¢lz. CaClz) in toxic amounts. The

| accumulation of these ions increased with increasing

concentration oﬁfthe-respective;salt in the soil.
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Physico-chemlcal characteristics of the
5011 used ‘

BT

[ IR

Textﬁre in HJif‘:”ﬁﬂ'“  f; Sandy soil" ™

Saturation per cent . 30
CpH. LT

Conductivity .. .. .. _ . 0.08 mmhos/cm ECe

-

Organic carbon SR 0.03 per cent

- ' Avaiiable phbsphqrus;wl‘E' 21'lbszJacré

] Available potash -~ - . . 296 lbs/acre

-
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APPENDIX - II

- Amount of salts added for’ preparing soil
of - dlfferent conduct1v1ty levels

4

" Desired - "",Total;salt l“f-  Observed
salinity . ~concentration - concentration
(mmhos/cm) . . - meg/litre *  ({(mmhos/cm} =~

' NaCl 6 60 . 6.0 -

12 1200 SRR T L A

T
e

'_Nazso4 & 60 6

12 ‘.120' , S 12,42,

 CaCl2; &6 60 fﬁ 7 .9
9 . 90 . P 8.7
12 . 120 S 11.9

Mixture

of

6 o éo; - .. 6.1
salts - ‘ - '

s - 90 8.3

2 e 123




. APPENDIX- IV -

.Efféct of dlfferent salts and their concentrations'

. on the leaf diffusive resistance (sec/cm

- Salt

Days after transplantiml_i :
Abaxial surface : . Adaxial surface

11000 120 1404:5 160 100 . 120 180 16D -

Control-

'3.22 0 3.19  3.17 5 3.09  3.00 3.25 '93.62 -3.50

 NaCL

6 ECe .

' -9 ECe

12 ECe

'Na2804

6 ECe
SURTHEN

12 ECe

;‘aCl2
6 ECe

9 Ece

‘12 ECe:,

NaCl + Na280

'3.38 - 3.32 3.35  3.28  3.47 3 87 - 3.90 :3 66 
3.83° 3.72 - 3.?6 . 3.51 -3.68 4. 61';;4;75 47 44ﬂ

3,97 3.8 - . - 373  4.80 'fgfij}-Qﬁf

3.25  .3.38 3.41  3.17 0 3.28 3.66 3.68 .3.51
3.53  3.59  3.59 3.37 ) 3.56  4.17 . 4.25,.3.97
S 3.70 3018 - - fi3.65¢_ﬁ4.53“1,_,;:“,;_gf

3.35. 3.31 . 3.34 . 3.28 . 3.55 - 3.61 3.873.78
3.72° . 3.64° 3.69 . 3.58 - 3.69. 4.64 4.8474.54
--3;92:-f3;90 e 43,78 w4.84 0 = T -

4 + CaCl

, 6 ECe

.. 9 ECe 3

12 ECe-

3:12 0 3.15 o3 19 o 3,151 3.22° 3.60° ©'3.69 3.55
3.2 3.40 ¢ 3. 45 3.26 ©'3.48 f3.98?j-4.£8354.oé |

3.70 3. 60 - B '3.67 4.38 - . =




- STUDIES ON SALT TOLERANCE IN GUAVA .
By -
‘M.K. Kaul |
Q(Major Advisor. Dr.K.§ Chauhan,Professor & Head Department

of Horticulture, Haryana Agrlculturql
Univer51ty,Hissar. i

e
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1(An abstract of the dissertation presented in pertial L
' fulfilment of the requirements for the degree of Ph D--..
Heryana Agrlcultural Univer51ty,Hissar) : -

Studies were conducted on guava (P51dium guaiava L. )
cv. Lucknow-49% (Sardar),grown under four different salts
Cwviz. Nacl. Na,.S0 ,.Ca01 and mixture of these three salts,
‘each at three conductiv%ty levels i.e. 6,9 and 12 mmhos/cm. R
" Increasing salinity, with all the salts, progressively delayed '
. as well:as reduced germination. Chloride salinity was more. B
injurious than sulphate salinity. Salinity depressed. the -~ 7 - i
- radical length, hypocotyl 1ength and number of secondary roots.-~-

P

. Survivel of transplanted plents decreased with increasing
csalinity levels. The plants did not survive at. 12 mmhochm\' :

- conductivity, irrespective of salt.salinity suppressed the. .
‘shoot and root growth. Chloride salinity was . more suppressive
than sulrhate salinity. Plant height,stem diameter, number of -
-leaves, leaf .area, fresh and dry weight of leaves, stem and -

‘root were significantly reduced. Plant water status decreased
whereas leaf diffusive resistance increased under salt stress.~f
The decrease in leaf water potential was moréfﬁﬂder sulphate
_selinity than under chloride sallnity while reverse was true

for leaf diffusive resistance. Rate of respiration was more

" under salt stress, maximum being . under chloride salinity._-

- Chlorophyll content decreased under salt stress. A major .. .
shift in metabolism under salt stress was involved. Proline
content was high under chloride salinity whereas protein TP_ S ,
‘content reduced under all the salts. Hydrolytic activity. incneasea
under salinlty. ‘Activity of amylase and peroxidase increased *
under all salts. Nucleic acid content also decreased particulerly
"RNA content. The extent of reduction was more under chloride
4,salin1ty.-- i i - i

N Nitrogen content was more under salt stress.The - °
contents: oﬁtP,K Ca and Mg significantly decreased under -
salt stress, except Ca content which increased under. "_
CaCl salinity.The specific injury due to accumulation of -

- Na, 61 in toxic amounts, disturbed metabolism and.
; nutrient 1mba1ance seems to be the main effects of salinlty
L on guava plant.wg- :




