
' ST~DIES ON SALTTOLERANCE IN GUAVA 
J 

DISSERTATION 
' .. 

SUMITTED TO THE HARYI!.NA AGRICULTUR~L UNIVERSITY 
IN PARTIAL FULFILMENT OF THE REQUIREMENTS 

FOR THE DEGREE 
or· 

DOCTOR OF PHILOSOPHY • 

IN 

HORTICULT.URE 

By 

M.X.XAUL 

DEPARTMENT OF.· HORTICULTURE 

COLLEGE OF AGRICULTURE , 
HISSAR 

1981 



· HI22V'H '; 

. COffEGE OE. VGHICDf.LDBE " 

. DEbVlUi'iEY1.L OE. HOii.LICDf.LDHE 

r~· x· :E<::v-.nr 
. Bf. 

.......... -·····-.... ·-·-·--·---11daa 
' ~··-·-·u•••••u•••••••••••••••.••••-•••v:JJJJ 

.... 0-4 ... _.,.~·~·-=·~:y··eop·p :" "'.t.•i 11!9 

~ 11'""11'·/:ly tl" ·· S · •::n:J · • :y·,, r. 
·J~':S''$')'''1.D'9"8'S7:'(}r0fl ~:;v 
'IJ'it$./H ·nyH 'J.WIJ8/1 mJH3N 

2lrlDIE2 0111 2vT 1 .L0f"E!:f'V'111CE 1111 Cn'v' A 'v' \ ' . 



THIS" DISSERTATION IS . ' ..... , .. , 
;.J 

DEDICATED TO 
_; ' ' ' • ; !__ '. ,i ' .• ,_.. ; ~ 

PROFESSOR B .P. STFWGONOV 
. '. -- •· . '. . 

m APPRECIATION OF 
• I • ' - ' . -~ )·· -- , .. ~ -~ --

HIS ABUNDANT CONTRIBUTIONS, TO 
:·_ :. : r \ ~ .. ~. (· . 

SALmiTY KlJOVlLEDGE 
' ···-.. 

-.·., c .- '. : ,, . , .. ,, ~ ' . .,-.-

' ' 



Dr.K.S. Chauhan, 
Professor & Head, 
Department of Horticulture, 
Haryana Agricultural University, 
Hissar. 

- . -~ ;'.: . 

.::C:::E:.:.;R:.::T:.I:::F:.I:.::C:.:.;A:.::T:.=:E:..-_..:I::_ , , 

. This is to certify .,that dissertation entitled 

"_Studies on salt tolerance in guava .".submitted for 
. '• . -~ 

.the degree of Doctor of Philosophy .in the subject of 
-~ .. ' .. .. . . '··: .. ' .. . .• ~ - \' " "·- ' ; ', . 

Horticult~re of the Haryana Agricultural University, 

is a bonafide research work carried out by Shri M.K.Kaul 

under my·supervision and that no part of .this 
'/-~_-:_ --~ ,,--··~-- .. ·.'': . : ..... ~- ' :.- .. :. __ -__ ,·,-
dissertation ,has been}submitted fer any _other degree. 

- • ~- •. . - ~ • ? • • ··'• 1:; ' ' ~ -· ·.• . ' . 
~-

The assistance .and' _help ·received during the course 
• , __ ..: .. · b .,, ". 

of investigation have been fully acknowledged. 
' . 

MoL..- ""''·"'""~' '?.,/--" ·· 
. -(K.S .Chauhan) t. 3 , fJ 

Major Advisor · 



.A CKlJO\'/LEDGENENT S 

_,· . 

I feel a great pleasure .in· expressing my reverenced 

gratitude to Dr.K.S.Chauhan, Professor & Head,Department ,of 
' 

Horti~ultUre, Haryana Agricultural University, for his untiring 

guidance'· continuous: encouragement and fuJ} help throughout the 

study. His endless patience indiscussing all sort of problems, 

constructive criticism in prepara"Uon of this manuscript and. 

inculcating in me the .habit of independent thinking is also 

greatly acknovlledged .. 
' ~ '- '- .~ • ' . I' \ 
, ..... l:·~t ~-t~ , , I ,_ -: .;· .. -·" -~~. .. -, 

I am highly •indebt..e·d~to· ·the! members of my Advisory Committee, 

namely Dr.O.P.Dhankar, Dr.J .P.S.Dhindsa, Dr.H.N.Krishnamurthy, 
. '' ' - •' - - . ' 

Dr.H.C.~Sharma,Dr~i~S.Singh.a,nd D~.H.S.I-JainavJati for their help, 

valuable suggesti~ns during the course of .study and for going 

through the manuscript critically. ·-·· ;' 

I highly appreciate and greatly aclmowledge Dr.A.P~Khera, 

Dr.T.S.Kathp31, Dr<Jilaharaj Singh and Dr.H.R.Nanchanda. for their, 
' . I , ' 

encouragement, whole-hearted cooperation and able suggestions 

during the tenure.· of.this study. 

I oNe my special debt of gratitude to all those my friends 

Who.helped me in •. :vq.riol;lS cap3cities during the tenure of.~his 

·study. 

Last, but not the' least, I heartly aclmovlledge and cordially 

appreci<Jte the subdued spirit of cooperation, timely encouragement 

and sacrifices made by my p3rents, brothers ar{d sisters during 

the course of present study. 

Herit fellovlship aHarded by Haryana Agricultural University 

is duly acknowledged. '1·'\<.·'K~ 
· Hissar (H.K.Kaul) . 

!-larch 5,1981. 



ACK!JOVILEDGEHENT S 

I .feel a great pleasure in.:expressing my reverenced, 
I 

gratitude to Dr,K,S,Cb.auhan, Pro.fessor & Head,Department o.f 
·'· 

Horticulture, Haryana Agricultural University, .for his .untiring 

guidance,_ continuous,encouragement and .full help throughout the 

study. His endless patience indiscussing 1all sort o.f problems, 

constrl;lctive. criticism in pz;eppration o.f this manuscript and 

inculcating in me the .habit o.f independent thinking is also 

greatly acknowledged_. 
. . ' 

-
I am highly indebted to the members of my Advisory Committee, 

namely Dr.O.P,Dhankar, Dr.J .P,S,Dhindsa, Dr.H.N.Krishnamurthy, 
. f ' -. '' ~ ' ' 

Dr.H,C ,Sharma,Dr.i.s,Singh. a~d Dr,H.S,Nainawati .for their help, 

valuable suggestions during the course of study and for going 

through the manuscriPt critically. 

I highly appreciate and greatly acl:nowledge Dr.A.P,Khera, 

Dr.T.S.Kathpgl, Dr•Haharaj Singh and Dr,H.R.Hanchanda: .for,,their, 

encouragement,whole-hearted cooperation and able suggestions 

during the tenure• o.f: thisstudy. 

I ov1e my sp2cial debt of. gratitude to all those. my .friends 

who· helped me in\v<;triol,-lS capgcities during the tenure of ~his 

study. 

Last, but not the least, I heartly acknowledge and cordially 

appreciate the subdued spirit of cooperation,timely encouragement 

and sacri.fices made by my pgrents, brothers and sisters during 

· the course of present study. 

Herit fello;~ship awarded by Haryana Agricultural University 

·is duly acknowledged. '1·'\<.·'K~ 
Hissar (N.K.Kaul) 
March 5,1981. 



CHAPTER ;.;;'I: 



INI'RODUCTION 

•.. ,, 

Salinity is one or:,7fe acute problems faced ~Y, · 

agriculturists throughout the world. In India, .. this 
' ... I 

problem has taken serious dimensions with the. introduction . ' ' ~-. I.:." 

of canal irrigation, especially where, the water table is .· 
..•• ~- ; •. ' • ' • ' [ _) . . _._, r- •· ' ' ... 

high and underground water is of poor quality. , In fact 
·' -::. -: '\' ·-, .. _ ., ' ; . . ':. ' ' _-__ ;:-- ~ :. ' ' 

about 7 million hectares of land is influencedwith salinity .. . . . . ' ' .•. ~'- . .. .. .... ~ ~ ..• '.. .. ) 

in different. parts·.· of the country, of which. 5, 25, 000 hectares 
- ', '. '· ;··-.. • • • • ' ·--··· ': .• - -' -:·.- • - - • • _, •• '• • -~ •• • •• ·- 'i 

exist in Haryana State. alone, (Abrol and Bhum)::>la, 1970). 
. . ': . . - . ·: -. ' _;, -~- ' \ . : ' . •. . 

,, 
salts in the rhizosphere is of great interest to agriculturists 

. --· -·:_: ' . ' . 

in the semi-arid· and arid regions of world. It affects almost 
'' ' '•' '• •. •·.' , . • I > ,: •• \ 

all the physiological and metabolic processes in the plants 
; ,, . : .. . 

in an adverse manner. However, the exact mechanism of its 
: : .. \ ·.' 

action is. not· yet fully understood •. Moreover, very little 
• • -- '· ·•· • ,• '·. :· ; -. ' ... __ ., Y'I>.''/J; : . . ~ • -· • 

work of this kind has been done on fruit plants. 
. ' ' 

DeleterioUs effects of s~line c~~ditions on plant 
• 

growth in general are 'attributed to (i) increase in osmotic 

pressure of th~ rootin~ ~ed:i~ (ii) speciflc ion effect 

and (iii) decreas~ absorption of some. essential· nutrients. 

The extent of injucy d~ne to plant by ~aiinization of 
-•• ( .,_1 ., 

medium varie's with the 'type of predominent ion, their 
,. 

concentration, the physiological stage of plant growth at 

which it is e~posed to salinity and the plant species. 

There 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 viJamin C 
' 

content.· It is also a ·good source of other vitamins, 

minerals and pectfn. Although, an important crop, very 

1 ittle work has been done on the salt tolerance of guava, 

'especially with reference to its physiological basis. 

Moreover~ reclaimation of saline soil is a long term· 
' . 

process and the immediate solution is to grow salt tolerant 

crops in such soils by evaluating the rapid method of 

screening the salt tolerant crops under such'conditions~ 

'· It' was,th~refore, tho'Ughtworthwhile to study the effect 

of varioUS levels of salinity on guaVa plant With'"the 

following objectives: 

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

. chloride and sulphate types of salinity. 

2. To study the specific ion injury due· to sodium, 

chloride and sulphate ions. 
,. ' 

3. To study the nutritional imbalance associated with salt 

damage. 

4. To study the metabolic disturbances caused by salts 

and their relationship with growth and development 

of guava. 

--



.. CHAPrER - II 



REVIEW OF LITERATURE 

The literature. on the, effects of salt stress on :plant 

. growth and· develo,W~ent, ·physiology and metabolism has been 

reviewed laying main emphasis on the parameter"s _which are. 

closely, related to the subject of pre~ent study .•. Loughridge 

(1901) pointed out that the different plant species wer!'l 

able to.tolerate. different salt concentrations. He. further 

·' reported 'that .fruit trees are relatively salt. sensitive. as_ 
' ' 

compared .to cei:eals . and .forage crops •: ., Since then a great. 

deal of research work has been conducted and dxtens ively 

reviewed by many _worker13 :(!1agistad, 1945; Hayward, and .. , 

Wadleigh,1949; Arnold, 1955 ; .. Bernstein and ,.Hayward,1958; 
' .. ' ~ . ' ' . . ' \ .. 

A sana:; 1961 ;: Bernstein, 1962; , Slatyer, 19,67; Levitt"' 1972 .and 

Mass·and·Hoffman,. 1977) .•. However, no one has paid ,any 

attention: to •salinity aspect.of guava except Gupta and. 

Bhambota'·(1968) ,., The work: done on various crops, .with 

special· emphasis on fruit crops, is. reviewed under the, , . ,. 

following heads~ 
•'-• 

Relative salt tolerance of·fruit crop~ 

.·The· response. of various·. plant species and even. varieties 
. . 

of· some species to .saline conditions,~varies •. The varietal 

differences .in some of the .cases have. been•found tb.be ,quite .. 
significant· (Ayers ,195 2;: Bishnoi and: Pancholy, 1980; ~Malik 

.. 
~ ~·· •1977; Puntamakar·~~·· 1970 and.Udovenko,1975) • 

. 
'Magistad and Christiansen. (1944) found .. that fig,: grapes,.and 

olive were· moderately salt tolerant,: whereas, citrus, ~apple 

pear and .drupaceous .fruits. had low salt tolerance. Fruit , 

crops have been classified into three· groups, viz •. high salt·: 
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tolerant, medium salt tolerant and highly salt sensitive - . . . .. . ' " - .,. . ' ' . '. ~ ' _' ' .I' ' ·' . 

. crops. (u.s. salinity laboratory staff, 1953) •. Date..:palm 

'has the highest salt tolerance/pomegranate, fig, olive and 
.. . . . ~ ·. -

~ 

grape are medium salt tolerant and 'apple, pear, orange., 
.·.' 

grapefruit; stone fruits~ strawberry, lemon and avocado are 
- ' ' . l ' • ~ ' 

·.highly ,salt sensitive crops.-, Great variation in the salt 
'-· :r: 

tolerance .of fruit crops hav,e alsobeen ~~ported by Avon, 

1953; Rocha.and Flores, 1958; Ehlig and Bernstein,1959 and 

Vander·Berg,1950. Oganesjan.(1953) reported that 

_b. jujuba, and Punica granatum as most tolerant species, 

whereas Diaspyros -~ is reported to be least tolerant. 

· Raheja :·(1962) gave the order.·of tolerance for, sensitive 

·citrus crops .i.e. -Lemon> Sweet lime.::;- Nagpur oranges. 

Ivanov: (1969). observed that on saline. soils, apple grew • 
" " . . .. . . . . ~ ' ' -

better~than pears and of ._the stone fruits, apricot, 
.- •' . ,, 

myrobal an. and sour cherry. grew well,., pl urn worse . and sweet 

. ·cherry and peach poorly. O~esjan (1953) found that the 

• 
concentrations of .total. soluble salts which proved ·fat

1
al 

for apricot and apples were .. 2 and 1.2. per- cent respectively. 

Almond, pl urn, . pears :r:-esembled aprico_ts, ·whereas, peaches 
... -- .: ; 

.. resembled apples in their salt tolerance limits. Bernstein --- ' ' . 

· (1965) has .also _given.-.a, list of limits of .chloride .tolerance 

and critical salinity ·levels, for deciduous and sul:>-tropical 

fruit :trees •. ·. Desai .(1975) .. reported that guava plants can . . ' - . . . , . 

survive well. under. sulphate .type of~ salinity upto 0:5 25 per 

cent salt and under 'chloride_ and carbonate type of salinity 

upto 0.350 per cent.salt~ Makhija et ~· (1980) reported that. 
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six months old seedlings of'.guava could 
1
survive 'well .. \md~r 

salinization upto 7 .s>mmhosicm' whereas 'at io.5 rninhosicni only 

75,per cent of·theseedlingsurvived. 

Relative toxicitv of"diffeien't constituents, 'of i;;:line ·son's 

The excess 'soluble 'salti'in'ost frequkntly fbund in.s~l'l~~ 
soils; consists· ~f cations..:sodi'Um, cal'ci~/ m1agnesi~ 'and 

·~--· · ...... -, .. ' .·---~-- /~-~:---~--~- .... · 
anions·- chloride and sulphate. The toxicity of salt is .. 

directly' correlated to·thefr pei:meabilitj into the c~ll: so; 

every salt has' a distinct'effeci: on the .plant.· Sargeev (1953) 

arranged.salts according to their adverse effects on seed 

l.;: '• 

• ' . . ' • . • • .q,. ' • . • . ~' :.. ' ,-, •. _ .. 

germination in' the following 'order, Na2co3 :::> balanced solution. 

;::::.. NaCl::.. Na 2soF Strogonciir (1962) repor~ed that carbon~tes 

are much more toxic tharichioride and s;D,phate •. 'However~' soil 

salinity .·is usually· catised by chloride. and sulphate. Therefore, 

the work• done orl'its 'sl:>ecific 'effects on 'fruit crops,. is 

reviewed ·separately· in thee' folfowing pages. 
. ·- .- -- : t 

Chloride· 

Chloride· is 'blame·d more frequently· than ··~ny ·other ion 
' • ·. I . • _ • ' '; ·, : ' " :' '· ' . ' 1 · ; .. 

for the ·severe injurious effects and plays major role in 

inhibiting growth of· plants on·. saline soils; The chloride 'limits • 

differ in different fruit crops. Brown~- .!!1~ (1963) observed 

that chlor'ide' salt was' more toxic to peach and other' stone 

fruit· trees•· Sideris. and Young (1954) observed tebninal leaf 

necrosis in pineappie''due t~ chloride. L~af burh' of avocado 

due .to. chloride accumulation has been reported by Fenn ,!!!: .!!1:.• 

(1970). Salerno' (1975) re!Jorted that chloride· caused t'ip drying 
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; 

in:citrus trees.,_Pandey.~:al. (1971Lreported.the:,1eaf · 

. scortch of mango. due to excess. of chloride •. The incipient 

. chlorosis, ~accompanied .by: burning and .. :drying. of leaf. margin: 

: in.mango., is prod~ed ]:)ychloride injury (Bhambota ~ .a!:·•l963). 

The sensitivity. of Senna_ (Cassia lll?• ) was correlated with 

, the high.rate:of chloride.:accumulation·:in the .. tissue,resulting 

in specific chloride·:injury,(Ayoub,1977). Makh.ija ~ ,g!.i 

(1980) :reported,-that increasing. concentration of chloride 
- - . •.. - ··.. .. ·-· 

_were .injurious: .. to ;guava plant. ' 

Sulphate 
-·~ . 

.. Sulphate ions .are ,,usually less toxic than chloride· .. 

to plant ( Thorne and.Peterson,1954). ;The application:of: 

so2 ·gas .~o;\l'ines caused leaf drop (Ruiz,1969). Gupta.and:·\ 

~auriyal_, (1973) observed toxicity sympto!lls 'of sulphate on. 

grapevine under. higher-. sulphate .treatment. ·Older 'leaves were 

affected .first. and abscission .of foliage. occurred as • soon as 

nearly half •of. ;the leaf margin .developed· necrosis. Ehlig 

(1960) ·reported magnesium deficiency in grapeswith high 

sulphate concentration. The •injurious symptoms of sulphate 

in mango have been reported •.. It caused slight; darkening and· 

browning at ,the.: tips and margins of the.•leaves; often . 

encircling ._the entire leaf -(Bhambota ~ g:·, 1963). Divate 

(1974). observed loss of dark green colour .in the grape: · ,_. 

leaves subjected to high sulphate concentration. . . . . - . . . 

Sodium .. :. . - .•. ~ .. --- ·--'- . .__ -- ' . : :_: __ ~: 

Large amounts_ of sodium_· in the soil .is toxic to· plants 

and adversely. affects the plant growth. -·Sodium· exerts· .. 

secondary effect on plant growth through adverse structural 



7 
.. , '• _,_. __ ·;~~., .. '·- 't -:~:-·: ~- '·l·:·r ... :---~; 

Appreciable amount of Na ·on;the soil modification of soil. 
'1 .. ,, __ .,. __ ;: . • ' -+· 

exchangeable complex makes it dispersed and puddled, thereby 
; < ~-... ' ·,·( .:'. •• L.':·,.·: .. I. ·.:·, ', ,,· :~,-""\ •' 

causing poor aeration and low water availability (U.S.salinity 
- t.}:':- ,"· __ ,_c,, ;.:.._,; : \·,_ --:._. ·:; ;:_,:-:/:;;:-; .. 

lab.1953). Martin~ .21• {1959) reported that 13 per cent 
. ! . • . ...,o - .. ' ' ._, . '" ; . '· "·-·- .- ; (: : ·: '·· -'· '-' -~ . 

exchange~bl~:~o~i~-~lightly·reduced the growth and injured 

peach s~edlings~ Smith.o (1g6~( observed th~ declin;··~f '~range 
5.:-,_, -... , -~-1 •. ~- ~---. ---·~-l-~ ;; ~ •.. ' -i.- ·,;..:' ·_._., 

trees with the accumulation of sodium upto 2500 ppm in. 4-5 
~·- .'·.(,·:·:· .. -, .. ~ ',. ;-: _( . _,_-: .. : .. -

month old seedlings. Ha:yward and Wadleigh(1949) reported 

that· the accumul~tiqn. o~:s~~ium in th~'·pl~~t ~1y '}:;~ ~-~sociated 
~~;::··· ,-.... {.'.,, .. -~: _ .. , :·. ;--.. ~: 

with a depression in the accumulation of other cations to 
·.:.-.\ ·:·:l'J''' ·: ·.··_ ~ ..;,, ~~-:: . , __ . t. ·;'.:. .. ··"···::.~::.:-:: 

the extent that their content may be below adequate levels 

and an un~~~~~~~ble cation balance rna; be built ub'~ s;~pt·b~s 
:.:·~ ~.,;:< ".:":o-_",_'.0~ · .. : .. _.: ·; •'i;·~-l ~--.·.:::.c.;-: · _ ?~- ~ .;:'··: ,.;: :_; -"'o--• ,1 ';?-.< 

of Na · injury in fruit plants include a.ppearance of chlorotic 

areas i~' leaves (L~~t,'·{~66l.~Ayers e~' ~1. (1~;1)\av~:~ r 
-I ~ .. -.. ·,·:.~.ir:}1_:~:-:~.---~'' .-... . .... -.---· 

described sodiUm scorch': of avocado l~aves. ai:i~k ( 1967) 
... ;., '. ~-N·,.. .. .t ::_;-~··:.:.n .• . . "·· ·----.-,~ .:: 

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

Bernstein~\i96sY:~~iorted''~h~~ in cit~us, sodium toxicl~y 
,.. . . ··:· ~:·;·:·::-: ··-- .;i_;·, ;.:.::.~_:!. ..: __ ; •. .r.~;: .. ::..-. .. . :· ~;~;_' 

caused well defined leaf necrosis. Harding ~ 21· {1956) 

-- .-. ; .• _.. <.. ·• ._ .!. -~ .. ~-

toxicity in citrus~ -In apricot, Halsely~ 21· (1958) 

observed· th~~c ~~di1.ll11 s~o~chl1, l~ associated ·w.i't~ cur'{ in~ 1 ~nd 
:~·:/' .. ·, -. ,.. .. ; 

burning of -leaf ·n;arg in.'. 
' _ _., ~ r·_;. '"!. ~ · .- ... i' ' ~' ,:~ -~ .-; _;1 • ~~' .. -. 

P~trosjan ~ 21· (1967) reported 
,-,~- i·! .. .,···:·:e:~;:.: ·,· .... --"• -~:(· •' \.- ·;;_ --~; ~·.- 1--~-

that pomegranate and quince showed relatively resistance to 

. . -~ ; 

.: .. ·-· .... ·:-: .; . ·.·,~ .. :·:,· ~~-; ·.-,.·-;,-:~ ·~;,1 ·:-_ \1.''" , .. _; ··. -~_;::_.,-_ .. \ 

Substrate salinity affects plant growth in two ways, 

(1) by increasing the osmotic -pressure of the media(Bernstein, 



1961, 1963; Sands and Clarke,1977) and (ii) by disturbing 
''" ·X ·.',J •. .-. - .. ' -'-· ' . 

.. .... ~ '_, .. ''ti .. --- ' . 

the normal mineral nutrition of the plant (Strogon'?v/ ~ al., 
' . < :: ._: 

1970). However, different. views have been put forth to 
'··· .. -- . ~--

explain the detrimental effects of salts on plant growth. 
• . ' • ' ' • . ~ 4 • ' . 

. ~- .. ,. '!"" - •• l • -, •• 

Reduced growth of pfants under saline conditions is caused 
' . ''~- : .:,_c· --. 

by osmotic inhibition of w~ter absorption, toxic effects of 
.. -- ::. ~ 

ion, nutritional imbalance, production of toxic substances 
. - , .• • : ' • ~ . .. !..~ ' :" 1-. . • '. ' - '\. i ' 

.. ··-·· .,. 

' ; " ..... - ' - ! • . .. . .- ·: ~ 

within,the plant and many other ill effects on plant .. ,;_ ~ ':' . ' . . ' . . 
' .. : .- ' '.,. 

metabolism. According ".to water 
. '- -- .. ·.; ·_;};~. -.--'- ... - f_··~·-··-·._.·- f· 
increased .osmotic pressure/§oil 

relation theory due to 
. ,:;,;.·_, < '. 

solution, availability of 
.; •··· , <. 

~ .. - I ' . 

water to plant is decreased. This theory h?s been supported 
- •. ~ -., ·, • r _: __ .·_ .:. ~~ ·; :' 

8 

by Eaton (1941), Hayward and Spurr (1944), Wadleigh and Ayers . -- . . . . -~ . . ' . 
' 

• :·· k : . ; < l -. 

(1945). and banielson and Russell (1957) • . , . . But, these results 
'' • . . '•.; ;J.l . ~; ... 

do not 'reconcpe- with the results of Philips (19SS), acc~rding 
.... ·'·· 

to whose theory", physiological drought-" develops when 
. i_ ,_ ... " ;, . ' ' ' ; ': ' ·-. < -- ''. ::..'·•J • 

solution cannot penetrate into the cell. Salts penetrate 
•. :, ., ' . 

into the· cell, cause an increase in the osmotic pressure of 
-· ····- , .. :.._.;. ·: ___ . .:...: .... :..: ·_:.' · .. , . .._ __ ;.,:. ~ ; _,_ 

cell and hence increase in water uptake·; Iryhibition of- "plant 
·'· . r -' ... 

growth _under such condition is explained by him 
. . - '· ; ' ' -· -

as bei.ng due 

to toxic effects of salts • 
... ;. 

Both.nutrients and non-nutrients are absorbed by the 
· .. '-

plant under. salinization· so, as, to keep nutritional bala~c~s 
but the non-nut-rients are an unnecessary ballast. The 

" •!~ • : .• . : • ' -·- • ' / / ' '1 -- ·;_: . '-· 
. penetration of .these salts into plant is mainly limited by the. 

... ' -. -. . , . ':" · .. -~ ', 

roots. Howe~er, .the permeability of root tissues to determine 
' -- .' ~-. ' ; ; . ' :_ :. -~ ~ ·:· . ~ _: -, _-. ~ 

the salt resistance of. plant is maintained upto a certain 



level, beyondc.which a·sort of'salt burst occurs;· thereby 

• causing poisoning arid ultimately death t6 :plant (Strbgonov, 

;1962). :Strogonov and Ostapenko (1946) ::demonstrated that. 

salt poisoning'.'is~a result'oflaccumulation~'of toxic' '·' 

intermediates~·, Le •. ·accumulation of nftrogenoui:i 'sUbstances 

like • ammonia and • H:2o 2 ;,: 'Putrescine accumulatiori.'in the'•7plant 

organs >has 'been •reported by :strogonov 'and 'Shevya'kova (1961). 

A unified •theory of salinity 'nas been 'put <forth :by 0 'Leary.' 

.:(1971)·;:'acc6iding :to which, 'the resistance<of';roots to· .. · 

water.•flow~iricreases· in plants· grown'oh'salt'solution · .. 

decreases ·hormone delivery .thereby, horrr!onal ·balance' is' 

:disturbed in leaves; It is: reflected by increased rigidity 

of cell walls. During ,this time plant accumulates solutes 

and osmotic .pressure of cell' sap is increased appa'rently 

(osinotic;adjustment) which maintains the osmotic gradient , .. 
necessary for water abso'rption. 

Effect of salinity on germination, growth and development 

a), Germination: Fruit' plants are more· sensitive diu:'ing. 
' ' 

germination and emergence: than at later stages 'of 'growth. 

However, salinity delays germination· at: lower 'level's; ·whereas 

at. higher levels, it reduce's the final'germinatio!l ~rc'e!ltage 

as well (Ayers· and Hayward,1948; Bhumbla and Singl1;·r96s;i · 

Bhatti,1972t•Malik et .i!!:•c1977; Hasso·n-Po'rath ~ ill::·',1972;'' 

Odegbaro. and Smith·, 1969;:: Panigarh ~· !!.!~, l978;: Prisco et' al., 

1978;· Thoinas and· ·Iyengar< 1971; Ungar, 1974; ,·1978; Ram1 1979; · 

Bishnoi and Paricholy,1980). These effects·have:been' considered 
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,_-, . .",1 •. , r .. _.,, ..• , . ---~- ,_.~_-

primarily ionfc at'h{gher'"levels'of sal'inity (Turaikov~ . 

. ' • • '. >. - . . .... ) ,. ' 1 : •. \. • • - ·:·. 1 ··. -~·-· .· ,- •"-'!' 

O'Leacy,1970; Tur et '.!ti,~'; 1980). 'While working ori-J)egl.E;tt. ·" 

Noor date seeds,: Hewitt (i963) observed thatg~in\iria't:!.on of 

date 'seed was :;:,educed 'orily- :at 30, ooo'prm ·and i ab'ci:Ve: l:lahody~60-'' ' 

(1956) reported that :geo;;ination of'ml.libercy seeds 'in 'saiiri~ 

soils was retarded. :. Barigash (1977 )'while' d6ing' p()t ~;.;erfu;~nt 
• . -· • . • •.. -- . _" , ' ' .. ' ·- ' ._ ... -~- --\ ' '' :· ; ' .•.. 7 --. ' • 

with NaCl·s<;ilinization from o.os- o.ao per cent-; said that 

Zizyphus · iuiuba' was most tolerant ~species.' Dhankar et '·~1. 
(1978). rePc>rted that g:. ro'tundifolia ~seed ge~in'a'ti6~) was 
niduced to so per'cent'/i£~6 inmhos/drn with' almost c;~h{piete' · 
inhibitiori'at 12'inmhos/cin Ece. 

'·; · Puntarnakar· ~ .s1 ~ · (1970) found that the 'rel~t iV'i{ ~-· ' 

toxicity of .. different' salts''at 5-10 mmho~/~ conductivity 0~ 

germination' of several' vazi eties of wheat was in' .k.~~ebchhg 
' I • . I ~ . --- • 

order c_ac1 2, Na2so4 ~ Naca> NaH9~ and Na2co3. 
. ' .. ·: '~-

b) · Piant; growth~i:.!nd developnent: ·Salinity in gei·ler~l results 

in. stunted'' growth~. rest~icted lateral~ shoot devel~irnent~ :· . 
• r • ., ' -·~ • , ~ ' ·, -. ,; , ••• --' ., .-- • , ;_- -, : ' < .. , , , . , ,._ : ; ' ( l : -· 

reduction in size·ofleaves'and fruJ.t, decrease in fresh 

and dcy weights of ~different''plant p..;,rts, 'd~~reases ih n~ber 
' . ' 

and size 'oFseeds and''finally yield (El..;Karouri~19791 T~L' 

1971) .: However; 's;J.linitycadv~rsely effects:"plaht 'growth ~nd 

the; reducti6n"iri ipi'ant gro\•th is more \'or less proporti~nki: 

. to the: salt· concentration prese'nt in the'saline soil ;·:co6per 

and Peynado (1959) reported:t;hat salt treatment~decreased'-

' 
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growth in both young and old .citrus trees. _More mature 
' . . . . .. ~ " . . ' ' •'' ' . ' ' 

plants of grapevine with well develoPe.d root system grow 
' ' ' ' . ; 

better. on top soil salinity as compared to. Y?ung pl<3.nts 

((;ildiev,19SO). Obbink and Alexander (1913) correlated .L 

growth and ctJ.:Loride accumul.ation of six grape cultivar~ .... 

and reported. that as chloride .. in media. increased, shoot length . ' - . ' ·' .•. ._ -· , _; ~ -. . ' ' - . ' . ~ . ' ~ .. .. ' . ' 

was. decreased. Furr. et al •. (1966) reported that growth rate ... . . --- --·-' "· ·'' ·' •' ·, ··-- ·.' _, __ , .. ,._ 

of young. date palm; irrigated with water_containing·6000 ppm 
. . . .._ . . -- " • • ~ • ·- ~ . . . : - :. \ i ·. '· . -· .• '··· ••. '. ~ -.0 • • 

salt :was: about 50 per cent to· that of. untreated control. 
~- ... ' -.. '• . . '-- . . .. '~ \ ' . . . '· . ~' . -·-' .. · . . : -.·. . . ' . 

{1970} · observed __ .redu~ed growt!'J, a!"ld,leaf "\Z::e::' pf Tursunov 
.. ' 

. grapes with. increased salinity .• Heikal et. al. {1980), reported 
•• •' • I· .. ,. ., : ,_,_.. ---, ,•·· .·.:·--'·'•'• 

the decrease in dry, weight of. castor bean .·and .sunflower plants· 
• •• ' ·- • • • • :· ,. • • ·' ~ • ' • .... - <·- .. ' • • '. • ., • ' ·: 

by. 40 to; so. meq/1: NaCl salinity. Sanchez-Conde and. Azuara 

(19.80) showed decrease in fresh and ,dry. weight_, in ~mays 

by 5; atm. Mgso 4 • ,Niem~~ and, Poulsen (1971) report~d suppression 

of_growth,in pea.·and other-vegetables due to sodium chloride. 
' - ' ' . . . -- ' - . . .. . . ' - ' ·. ,- . . . : . . ' . ., 

Bharnbota. and-Kanwar_ (1970) :observed that. growth of .Blood Red 
,, "' •• ·-' '• • 0 ·, - - • - ' • ·-·- _, ·-· " " 

budded on. rough lemon was reduced with, the increase in salt 
;_" ' ' . ~- ~ . . .. ,_ '~- . . ·; . ' . •' ,. ,• . '. '. -~ _, ~ 

concentration •.. Furr .and Ream (1968) reported growth depression 
' " •,. . .. - . . -~- . ',. . - . 

of date plant with, the incre?se in sal~nity. ,Joolk~. (1~76) 

found reduced g;r:owth, number of leav:7s,. leaf area an?- d:ry 

"(eight, in cit:t'Us .with .increasing levels of. salt salinity. 
-. .. . . . . '' ---- ·. - ·:;::. . ,) . ''• 

Jindal~ ~· . (1976) -reporte? mango _.~;r:,ee _gr~wth was adversely 

affected with high levels of .. salinity. Leaf injury increased 
···-···· ----·- .- .. :··._. -.-.:·_. -... -.<.:.·.~- ~~'· -- -~. -~-- ... ~ .... :, _,. 

with salt concentration and at 10 mmhos/cm Ece almost all 

the leaves· were .injured •. ·Reduced stern girth of orange, plant 

,·_. . 'i 
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due· to. sodium. chloride was~ observed by Chapman ~cal •. i 

(1968). Downton (1977) re}:orted in grapes that salinity 

led to· reduced growth whereas foliar symptoms of salt 

toxicity- were absent. Nasr;~ .21,.- (1977) while evaluating 

the effectof salinity ongrowth of plum:and peach,foun,d 

.that trunk growth, .shoot: length, fresh weight· of plant ; ·: 

organs were 'reduced with- the increased salinity •. Grape fruit 

showed. inverse relationship between growth <and _electrical 
"" 

conductivity of soil saturation extract . (Pearson-~ .21,:, 

1957). Wigdor·~ .21:•'· (1958) ·reported ~that dry ,weight ,of .. 
/ 

branches,• leaves,- roots and ·.trunk diameter .of- pummeols.--
<' ., . 

reduced. under -~odium chlcirid~1 salinity. He further·. attributed. 
. . J • 

'itto the reduced.uptake oLwater by;plant·and thus;affecting 

cell enlargement. -: Nauriyal and Gupta (1967) and Gupta,_and 

'Nauriyal · (1973 )-. indicated ·that dry weight: of .. roots. and : 

·shoots .. in grapevine .'is :reduced due to • NaCl, Na2so 4 and.;. 

'Na2co '·.· .·•Tur et·.2.!, •. (1980) -reported ,that growth oLrice.~-
3 . 

·seedlings wes-i.:.-depressed more;by Na 2so4 than NaCl at isq7 

·osmotic :concentrations. · 

· · .. • All the ·above mentioned· effects of salinity on ,plant 

.gr6wth·appear·to-o.perate via the inhibitory effect,of .. salinity 

on· the: rates of cell division alongWith· the ·decrease in cell 

-·enlargement ·(Gaidmakina,-197 3;. Niemani'1965) ; '">o '} 

• Effect of· salinity on· different physiological--aspects 

a)' Water relations ' ] ; ' :. 

·: (i) 'Relative water content/ internal water deficit: The 

problem of water supply and. water exchange of plants growing 
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• • on sa.l.ine · soils has. _till _now. been inadequately stud::iea':· 
I 

Meiri tl'.s!• .(1971);.reported that chloride typ~ ·of: salinity 
I 

induces· .. succulance. character due to increased·. hydratio'n ·. 

of tissue, whereas• sulphate salinization causes an apparent 

dehydration,of:tissues.and organs. Moreover,·thetemperature 
' . 

1'3'• 

of the: leaves .:from' chloride-s~phate varient• was' lower ·than 

·.that of .sulphate-chloride one. Comparison. of leaf-temperature 

at:different levels of.water supply shows:that:the:•temperature 

increases: as ·the ·water· supply becomes .worse·.· The increase in 

water content. of• cell under: chloride salinity occurs ·both-

in .vacuole and·protoplasm·. Water supply•um.der-'sulphate is 

ensured. by. an intensiveJdevelopnent of. root· system~and'water 

conducting system ,in root: and stem. Plants: from'- chloride ,., 
salinity have. a· higher slictionc force in• their leaves and a 

higher osmotic pressure .in. their cell.'·sap ·than.plants·.ifrom 

sulphate:·type •of ··salinity. (Strogonov,1962) •. •Pri~<::o · and'O' 
I 

Leary (1973). reported that-the relative water·content.of'salt 

treated plant ·_was. lower· than' that of control., in·l}ean •plants. 

Nieman (1962) :observed increase in water content of 'plants 

grown on chloride salinity •.. Ram (1979) also ·repo.rted 'that·. 

plants ·.under :chloride . type ·of salinity had :more relative 

water. content as· compared·, to . plants uride:r sulphate' type •of 

salinity.•• Repp .. (1961) .considered that. salinity thiC'ows out 

the balance between _intake and·water consumption out •of · 

adjustment'' the :water balance/ therefore·,· ;increases· and' · 

assimilation. of ·metabolites.: ceases. 



(ii) Leaf-diffusive 'resistance: - •Salt _and•water stress 

conditions :are known to ·decrease the ·rate of transpiration 

in various: plant· s'pecies · (Gale'~ al• ;. 1967; Turner, 1974; 
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~ Weatherley 'and· Slatyer,:1957;: McCree, 1974) •· •Salinity' responses 

.·to. transpiration. in different plant species are quite 

variable .because of'the differences in stomatal behaviour 

'under ·varying environmentat ·conditions. Boyer (1965) reported 

that if 'internal .osmotic a'djustment occurs following stress 

imposition, •stomata beha.ve' in -a fashion very similar to: . 

control plants 'due• to turger,recovery; Types of. salt exert 

'different ·effects on :the :rate: 'of respiration. Aceves·' .;;N 

et .!:!.!.•' (1975) ·reported.10·fold increase in leaf diffusive. 

resistance to water vapeur •at -12 bar salt in wheat •. Both 

NaCl :and caq_1;2 behaved similarly although the effect of 

·CaC1·2 .•was 'somewhat :larger at -intennediate :salinity levels • 
. ' 

·Kaplan and Gale (1972) •showed· that saliriizatiof!'Pr.oduced · · 

little ·or ·no ·increase 'iri .Stomatal resistance of· the upper 

·leaf surface but 'i3..large increase of the ·lower surface of ... 

A triplex halimus ;· · · Several. workers have 'shown •that :the • .~ ·' 

adaxiar and·abaxial'•surfaces·of the plant··respond differently 

not only :to·their environment but also to water stress·.' 

:(Jordan et · &·, 1975; Brady ~ 21.., 1975) ·• · · In most cases, 

the adaxial 'tended .to close earlier a.nd •·at, a lower water, 

stress than the. ·abaxial ·one. On the other· h~nd, Sanchez-. 

Diaz and Kramar (1971) \and Duniway (1975) found .no such< 

·differences .betw.een adaxial • and abaxial :leaf ·surfaces. . 

' ' , ... ,j 

-~-} 



Endogenous ABA . .content of, leaf increased several· folds 

with increasing stress: (Wright,1969; Wright, and,-Hiron,'l969). 

and a concomitant •.increase . in diffusi"e resistance of ··- ,·· 

stomata .• Walton~,~· _(1977) suggested, that rate ofd<BA., 

content, -determined: the, sto!llatal aperture and, the stomata 

apparently do, not. function: normally until! the ABA. content 

of. leaves ·returns to its-oric;(inal value. . '• ' . . . . . . . - . '··: > --~ ' 
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. :iiiD: Respiration :::_various workers have given_ different 

results. regarding rate of respiration under s~linity,. Lai>il1a 
~ ' ' •,, ., . . 

£1nd,Popov ,~(1970). observed· a. reduction in. dark respiration. of 
' . "•'' ' . . .. 

tomato leaves .under NaCl .. salinization. ,Tur et al. (1980), 
. --·· ,' ··- ,o, ' -- .. ~ ... 

re,portedi that. Nac:a. decreases respiration .in .rice seedlings •.. 

Similar results dn rate of. respiration ~as. rePorted. by Flowers 

(197_2), Goris (1969),_ Porath,_and Polja};off-Mayber {1968} 

wherea_s, Lapina and: Bikmukhameto'fa (1972) found an increase. in 

respiration rate. of_.corn. grown •. under NaCl or. Na2so 4 salinization. 

According _to Slatyer: (1967), increase .in the. rate. of 

respiration directly. provides :mechanism .for,. growth suppression, . 

a~fectinq ,net .assimilation. rate. Increase. in respir~tion can 
I) 

be expected as a result. of"·tlle energy requirement for selective 

ion absorption in the presenc;:e of high external. subs,trate 

c~ncentra~~on._ .. Livme .and Le'f~n .{1966), ,:;:iv {1968), Moro.zovskiz 

and. Kabanov. {1??0) .observed increased .rate of respiration. 

c 
Por(itll and Poljakoff -Mayher, (1964) reported, that mi~chondria 

from NaCl treated pe,a plants' shc;JWed higher. rate, of oxygen ... , 

uptake •. The. route .of .r;espiration was ct1anged, from. glycolytic 

to pentose-phosphate. shunt. in seedling: of baJ:ley, cotton l il,nd 
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pea (Goris,·· 1969; :. Porath. and~· Poljakoff-:-Mayber, 1968) .Divate· 
! 

{1974)·observed increased:rate.of respiration•in grape leaves 

' dte to salinity.·.· Nieman· (1962) found that. in .12 crops, species 

studied, the, respiration rate was more sensitive to.NaCl and 

tended to increase. in both tolerant and·sensitive species . 
• • < ' ~ ' -- ' 

as the· concentration of salt,.in saline media .was: increased. 
. that . 

Pokrovskaia. (1958). reported/respiration rate was increased 

at higher salinity· levels·.·: ·.; ·,· 
I 

· · (iv) Chlorophyll· content:.:. The adverse effect of salt 

on the changes in. pigment concentration. in. plant depend ,upon. 
~ il<.t . 

the specific nature of iont plant species and. stage of plant 
,, 

growth and developnent. Salinization with NaCl and Na2so4 hal?-:.' 

been reported. to.reduce· leaf· chlorophyll· content •in numbe.r of 

plants.(Singh.artd Mangal,1971'; Lapina !3-nd Popov,1970;. 

Ponomareva:~ .21·:1971 and Reddy and Das,1978). This ·is due to 

decrease in· the rate of· metabolism caused by high concentration 

of chloride~ (Genkel. 1954; Green~ay, 1965; Strogonov, 1962) •. 

Furthermore, .. Sivtsev ~ .21• .. (1973) while. working on tomato 

proposed .that the increase in the hydrolytic.activity·of 

chlorophyllase may. be regarded as one of the cause of .. thls. 

decrease. Bharnbota and Kanwar. (1970) observed :that. the 

chlorophyll content. in the leaves ~f Blood Red.grafted·on 

rough lemon fell as ·salinity increased. ;They further added "· 

that' this decrease· in. chlorophyll content· was ·accompanied · 

by .higher INa I and lower 1b1g I and 'Fe I uptake. Pas sera and Albuzla 

(1978) reported an. increase .in ,the chlorophyll ·content of wheat 
... ~. -~ ' ' <- : ... , . ----~· '-' ' ' . 

leaves under salt stress. 
. ' 
SID~~ar increase in chlorophyll 
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. content. of i Pea leaves under salt stress :were 'reporte.d/ by 

' 
Nieman (1962)'.and Sheoran (1975) in mung· and-chickpea. 

I . . 

H01<1ever,. Kim: (1958) o.reported·:that chlorophyll· content 

of:raddish, cabbage and -lettuce seedlings wes·e progressively 

reduced ·by.: increasing concentration either of NaCl or Na 2so 4 • 

Weimberg .(1975) reported that the rate of chlorophyll 

formation •in etiolated pea ~seedlings exposed· to light· in 

salinized media'was slo~er· thanthe unsalinized·control· :. · 

plant.·: In grapes, ~the loss of· dark green colour of-leaves 

near the.margins ·and:between the veins·'followed·-by yellowing 

of leaves due:· to co3 while so4caused loss of green colour 

at the >.tip'.:and between: veins· (Gupta and Nauriyali 1973). 

Ponomareva'~·.!!1~"(1971) ·SUggested that\the stability of the 
. I . . 

bond between· chlorophyll andprotein lipid• complex ·is reduced 
I 

under :NaCl·; sal'inizat:ion. <Soil salinization' with NaCl and 

Na2so4 ( 4 ~4 :atm.):. decreased'.the chlorophyll content• on•: 

per plant ·basis '.whereas ··Na2so4 · increased but NaCl• ·decreased 

on mg/g.basis in tomato• (Lapiria·and Popov,1971) .2Lapina 

. and, ·Popov . (1970) •·noticed concurrent changes: in the 

structure of ch~r6plast i.e. •increase in the tran~rency 
of protein ·stroma•-and -disorientation of 'the-• Lamella· 

system. Inhibition to the normal· developnent. of lamel'lar' 

system in the< chloroplast-was noticed by Ziv· (1968) ~ Prisco 

and O'Leary.(1972)observed the·decay otchloi:ophyll and' 

protein in.beari leaves'subjected'·to NaCl" salinity. 

Effect· of. ~-~i. ini tv· on inetaboli t~s . :l'. . ';. 

· ..... ···· .:.·· .. :._dcme 
Very 'little work. has beer/on the effect of salinity ' . 



of: sulphur .. containing amino acids was· inhibitedc1J,nder.both . . 

NaCl and. Na2so4 ;sal_inizat~on. •According: to .:Kessler and 

Smir. (1968) :in· sweet;lime_.se~dlings, the solution of, salt 

strongly inhibited; RNA: synthesis and protein turnover •.. In. 

sweet.'lime. and·,cleopatera:mandarin, chloride• had ··a depressing 
,_.. . . 

effect ·on; protein::level. Decrease:! synthesis of DNA,. RNA .and 
' ' ~ ' - ' 

protein:.~nder, saline• conditions results.:. in: reduced rate ~f 

cell ,division. (Nieman .and·: Poulson,1964 ; .. : Pz::isco and 0 'Leary, 

1973),. 
" .. : ' 

., ' :: :. i. ·;·' 

-: . . ·.::· . ·According, .. to: Saakjan and. ,Petrosj an: (1961) ,increased:_ 
. ·). - . . _,. 

salinity_and alkalinity l;?y-,,Na2~o4 caused reduction ,in RNA 
- -- . ' . ' . - . - . . -- ·- '' - . ~- . '·· .. 

and protein N:in vine leaves. Severely. stressing. pea-,plants 
·-· . . . - . : : ~·--;. . .. _,. ..,. : -- . - .- - ' . - :; - ,. ,• .. - : .: ' ; 

_(Pis urn; sativum 'L~L.with .NaCt ca.used very ,l~~t~e :chfng·~· ~n· ,·. · 

the_ amounts,.ot;D~,jRNA/g; of organic mattez::•:in:leaves,and 

did. not prevent .. the .:labelled ,adenine. into .RNA,, (Kabanov .: ~ ~., 
. ' . -~~ -. 

1973). Smillie-:and.Krotkov (1961) reported a lO!;S of. nucleic 

acid _a.nd prote~n dur~ng the maturation of pea leaves. 

The; increased level·. of· ammonia and :free amino· .acids: ·, 

in.•horsebean plants, _growing•,.under saline conditions,· ' ;. ' 

decreases back .. but,·remain little higher than: the control 
. . . . . 

plant ~even •after•. seven days. of ·:transfer. to normal nutrient 

solution. Similarly, .the. decreased protein::leveL increases::.: 
' . 

and-.sucrose content decreases, but these metabolic changes 
' (. 

are:not fullycrepaired,after,.shift to _salt,free.condition in 
-~ - l • 

hoursebean '(Strogonov, e:!t.;:.a!,. •; .. 1970 l . 
. ' . 

Organic acid content-,,· .. ---._-,' 

Organic acid content of the plant is influenced by the 

rate of ion absorption as well as the type of ion being 
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absorbed (Jacobsen, 1955) •.. By using 14co · incorporation·. 
) 2 

into organic acid and varying salt concentration.and type 
. ) - i~ ~ i " j, :·-' •. · ~ . ' . ' - . . 
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of' ion absorbed, Torii.and Laties (1966) suggested that the 
.. ".,_ l .• :· ·~ - ~--._. ( ;": ·_·;._,: .' ·.' . . . .• -· ; .. 

delivery of ion into the vacuole effectively removed organic 
' ' - ' 

acid.from cytoplasm by forming·the salt of acid•in vacuole 
~ ' ! ~ • -, 

and. this results in more organic acid .being synthesized •. 
. . -~. . 

Williams (1960) observed higher levels. of organic acids 
. . ' :•: 

in halophytes and.otherplantsassociated with dry climate 
. :. ·- r:. 

and 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 

.level of organic acid was present correspondingly high. 
I ~ ', t > ••• , 

Ruiz (1969) reported that application ~f S02 gas to Tempainlo 
·.:. _, .... 

vines caused slightly higher melic acid·content·and·lower 
'. ._, '• 

.. ' : .. . -' ' ' 

tartaric acid· content compared to untreated and manually 
.:. " 

defoliated control·. , .. 

·- .. Enzymes· ,, 
Activity. of. number of enzymes an~ thei.r isoenzyme~ have 

.·• ~ -- . 

been studied under salinity but the results were controversial. . -- ' . . -·· ..... . ;· .·'. 

Peroxidase activity.was not affected at moderate NaCl 
---' 

- ' • • •• ~' • •• • • ,.. '• • • • » 

concentrations but decreased at higher. concentration. in wheat 
I_:·; c.: .>: .,,, 1 , • • • ; • • 

· seedlings•(El-Fouly and Jung, .1972). High salt concentrations 
. ' ·. ~ .: .. ' 

of· 0 .1 - 0.5 M NaCl and· Na 2so 4 decrea~ed the peroxidase 
·' .· .. - ' -' . ' . . . .. 

activity in wheat,· corn and pea (Vasile,19G3) .Maliwal and 
• --- • : -;,.. 'i' r: ·.. - . :. ' t ,._, ' 

Paliwal (1972) ·also reported decrease in peroxidase activity 
. . . .. ·- ·. -~- .. . ' '\ : ~ :-;. 

in okra ·and, sponge gourd under saline conditions. Similar 
:': <·· · .. r.•:;;.:- .. _;' .·.•. ~ ·"··· \ <,,·1 ·.\~t' 
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(1973) in sunflower. results were reported by Gaidamakina 
· ( '.: (. ' . •' ' ,' ~I,) .> I 'i 1 :' i '.'~,"~ 

On the 'c~ntra;y ;i~cr~as.e in ~~t"ivi~y of peroxidase was.· ... / 
·: ... ,• ... · · · ,.. . .. ·.· .. -. t•.· .·.. :~· ·:.:r- :-_~ ;· 1' .. :..... -.' -·-' ~-- "' •.. ~-.:.,·-·,j - .. ,_,., -~ - . 

reported under NaCl or Na2so4 type of sali~ity _in pea roots 
...... "'·:·.-. '~- __ ·, • .• _.-··:.~::-~ ••• . :.·~--~-·.::;..~.:~; ·.i.·_.,.._ ·i .. , ·-·~·.:,_ .. 

and seedlings (Pokrovskaia, 1958; Strogonov, 1962; 'Rokova 
~ , .. ' · r: -"; -~ ·' · -- ." . .: ~ -~.~) ·; L :' • 

,!ll: _g!. , 1969 and Weimberg,i970). 
·-. . . l': 1 . 'I • ·-- : ._: ) ~; '.' \} -· ' • ·: l ·::~ \ 

Increasedactivity ·of aR;ylase has been reported by 
-~· --: .. -:_,_:.·~-.- · ::;-- .·.. _,j"/.tL:·-- --~ .. ·- . .-~,:_·.·.:.~_-_:,-• ·; :.:;; 

Strogonov (1962) and El-Fouly -and Jung (1972) under NaCl and 
•.• -- .... --· •. , ., ••. , .-_, •. t ::..~ .. _.:~.:, ·) •. r~:· .. .... 

Na2S04 
c., .. ;.:. 

salinization. 
. ~ )·, .: . --:- i ._ · ... ;, ;: 

Effect of salinity on mineral composition of plant_. 
. . \ ,,. .. -.·"- -.~·· ..... :· . .. 

:. '. 

The mineral metabolism of the plant gets affected by 
.·-> . ~-; • . . ) ' .. , ••. 

salinity i.e. the excess of so~e ion in soil.wouLd''prevent 
·: :... ; " -i •. , 

-~ .: .. ·. 

the uptake or availability of other present in relatively 
,.·: " ._' .. ~ . ) t<.· ~ 

7 
• :--" :·; ~ ~ ,. i i "• ·- . . " ·I ::. ~ 

small amount and s~condly by their own excessive uptake 
-;.: , ' :·o< ) ~':,;_-' ·'' . ,•; 

: 

because of their relative abundance in the media.· In order to 
. \ .. ,r·: . 

study the effect of salinity on mineral metabolism s_ingle 
-~, '·· .. "·,'>! --,. ,-. -~: __ t!~'--' ,:.· ··''!~:,, \ > ... 

·salt solution. have been quite popular as we can find out· 
. . --:, '_I,· . j (" .. J• ' ~ • -t• ' 

··'-1. 

clearly the effect of cations and aninos responsible for ,._, 
.:·:· .• ~ '·: · ... ·:: . :.' ..... 

salinization, on the gptake of ions and their own uptake. · 
' . '" ' - . ' . :; . . ,, ·• ,'. : ,. -.: ·---~' _; -~--'-,·.. -;_··. ·.: ~ ·;. "",'_·;,_ : ...... ,) 

Under NaCl salinization, the uptake of calcium, magnesium, 
' " .. ' ~ 

.. ·-· -: .~ '. '· .:. ..· . 
potassium and phosphorus is reduced and an· accumulation of. Na 

,;.:---.·-::. ;.;.:: <­ ..! ... :-
': ·' -~ ·-- 'c -_~; ~:· (.:. :. -

and Cl occur (EL-Kadi et al., 1971; Hasson-Porath et al., 1972) • 
." ~-'-~:c.~.:~;'.':.~.:..·.:. .-;-::--: - . .-.. . ,_ ·. ~ 3 ·-.:- ~ -. -- --·--.:; 

However, Shah and Nadeem (1976) reported that increasing 
' . ~ - . . .•.:.-... . ' :.. . .: ~-;. .. ~--·:~. " • . ·<~- r"',·' :. ,. ;.. -~ . • 

salinity increased P, Ca, Mg ,Na, Cl and ~O,i.con'!=~~t,an(i., 
.... _.,. ; .. , ··~~-> :>::.::.. 7_;.:,·;· ,;:·;< .. :-- '.:,·'. ~ -~- . -. _._· . __ , r,, ... · ....... ~ 

decreased K content of grain and straw of ·lentil plant. 
··,-- ... .-_. -·-. :·.·· -~--·,:_··::'l';·~:J;.:·-·> -~C"{ . ·-;_ ,· •. _,:: ·\;;·.:; 

Similar. results were reported in different crop plants . 
. ..... ·.· ... :.~et··:al·;;.: .. _· ...... ~-, __ . __ , ,-:.:. .·l.,_;·t .. ,..::.>.:·: ·:--.. L:- ~, :.~-: .. : .. \..··: _,-:-..:•;..·, 

(Cevda/1979? Storey ~nd Jones,1977). Ehlig (1960) observed 
"-:., • • •· ' ' ! • ,, 'I.'·;, ,: . 



i-. :j: >: ,. 

•,' 

'J ' ' 

,I ''··" 

; -' 

' 
deficiency.of magnesium-in:grapes due to high concentration 

. ' / ''. ~ \ ; : :.._ 

" ' of sulphate:·in .the •saline .. media. Shimose ,(1968) while ·studying 
, .. . "· - . • ,. • -~ ·_' ·:·. _, , . . • 'I .' •. " { . ' 

the' physiology of. salt· injury •.found that: leaf content _of 

K, Ca, · Mg, .. fell' when . concentrations of ·.: !'aCl .. a!ld Na2s,o 4 

were' increas.ed in: sal ine<_media •.. The decrease! in .. Ca was more. 

under Na2so4 • Rains (1972)• put forth the view th~.t i~ ,sulphate 

replaces chloride.as.accompanying ion, sodium absorption is . .. ,· 

depressed. However,: Bhambota et §d. (1963). in their study 

on mango, observed:higher .. uptake of Na due to_NaCl followe~ 

·by Na2co3 and Na2so4 •. similar result~ 

Gupta ~nd Bhambota .,(1968). in guava. 

were obtained by_ . 

The phosphorus uptake has, _also been reported to be 

reduced by ·salinity, (Zhukovskaya, 1973). Buckman .and Brady 
. "" . . ' . ·-- . . . ,] __ , .- :·,_ ' 

{1969t suggested. that· _·if pH of soil increasffi abov:e 7, phosphate 
• -. • - .! -. '·· ' '· • . . ·"' ·-· 

uptake is redUced: due -.to, fo~ation of calcium. phosphate • 
. - ·- . '.·. 

Mattson {1969) •reportedthat,salinity c:r~atec:t.w~t~ C:aCh. 

in four soils,, increased -phosphorus in pea .while reduced it 
< • • , ·, I, '--. 

in barley,.· reduced .. the ratio of .di to monov:alent cations .in 
. '-, 

pea· and increased them. i_n ,barley. Sands and Clarke {1977) 

reported that.CaC1 2 and NaCl:, .·damage to radiate-pine.was: _, 

associated with .. chloride; excess _and an. induced .P~osphorus. 

deficiency• Throne and Peterson,-(1954) mentioned .. about.low 

availability .. of: P in saline and.·alkaline soils. ReducEd. P content . . - - . . '' '•. ' . -~ '. . 

of leaves due·· to saline water Win observed by Fakhr (1961) • 
. ' • • -~ • ._, c • -~ •· . ' . . : ' ' '.: 

. . . 32 
The entry. of • . P, into the organs of barley. and tomato was 

. . ' . ..,.. - . ' , . ~ ~ .. ( 

reduced by- chloride and sulphate type of, salinity (Matukhin 
'·': '···-· 

and Zhukovskii, 1961) • -. 
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Increasing chloride concentration d~creased the K content 
'·. ,• ... ·- :' \ 

in peacan seedlings (Faruque, 1968); cherry' and,'peach (Dilley 
. . ' - . . 

,!'j; ~.,1958) and grapefruit {Peynado and Yo~ng-,1963) and 
" 

decreased calcium and increased Mn in cherry and peach 

(Dilley~~·, 1958). Ortuno ~ al. (1971) found out that 

under the effect of high chloride concentration in the 

soil, the Na,,K, Ca and Mg levels were higher in young veena ,.,-, 
,; ~ 

orange leaves than in mature senescening leaves. ',, ,, 
l 

Sulphate, beside' its accumulation i"- toxic amounts in 
~:~ 

different parts of plant, also affects the other constituents 

• of the plant. With the increase in sulphate concentration there 

was decrease in Ca content :(Billinges, 1962 and Zusman, 1956), 
' . ' . ' 

Mg content {Ehlig,1960 and Peyanodo and Young,1963) and_K 

content to deficiency levels (Peyando and Young, 1963). They 

-further observed that boron content of grapefruit was low, 

'while contrary results have been reported by Dilley ~ .!!!• 

{1958) in apple, cherry and peach. Ortuno et al. (1971) -- ' 

observed that cation sum decreased until leaf maturity and 

rose slightly subsequently. 

The growth effects of sodium was additive in trifoliate 

seedlings (Martin~ .!!1·•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 ~ .!!!· (1967) found 

, the sallnity reduced the K and- P content of necrotic tissues 

of vine, mulberry and quiJ::\Ce leaves. 

-.-
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MATERIALS AND METHODS 

'' '" _,._,' • 
The present study was carried out at the ex~iiroental· . . ~ ' .. - -- -. -- . '• 

orchard of department of Horticulture, Haryana7.Agricul tural 
; , 'Z l ' ; . . --., : '- -1 • • ~' -·- ". : ~- ,~ 

University,Hissar, during the year 1979-80. 
• -· ·,· •; i:,,;. ,; • •' ·,:-/-: ~-;,,, !"i' ', ', ':' ,•::; ·:L;,··,·~ 

The seeds of cv. Lucknow-49 (sardar) guava were sown 
' ,. . .. : ::-:' 1. . - ! . .I : 

in February,1979,_ in earthen pots filled with dry garden 
_.. .. . " ': . : ·' ,. 

:t""l 

soil and FYM in 3:1 ratio. After germination only one 
-~ . -· ., " ~ . 

plant was retained in each pot. To prevent leaching pot 
. . 

holes were bloc~d. Then, in ~the mont~1of Februacy>'l980~ 
these plants were transplanted alongwith earth ball to 

the· cement pots (30 x 30 x 45 em). These pots wereefilled. 

with GO kg 'of sandy loam soil. To preve'rit the leaching' of 

the ·salts, pc;t·s were J>asted' iriside with' coal- tar· arid then 

lined with '400 gauze' imprevious polythene 'sheet. 

_ . _ '';; ~~-~.~- ·.i .. ·--·,, 't':.~:· -n .i ··-l .~.•-'·:_j 
On 20th of February,1980, sixty-five pots with plants 

' ; .. . -' '.: 

of uniform vigour were selected and arranged in five 
' .•. • • _l'l' 

'replicati'6ns. Salts on mmhos basis were given through water 
··- --.,,.,. ,.;[ '.:r~--- ··;_: , ..... ,_.,· .~. 

on the-saturation percentage of the soil. Mixture of sodium 
'"' ,;'~-~~~~-:- .•.. ' ..... ·: __ <,;:.. ~: ·;. i • .,. •. _; .. '\·,:.:; 

chloride, sodium sulphate and calcium chloride were in the 
: .:.~ _, \. '. 

proportion of 3:1:4. Analysis of soil used prior to addition 

.-.; ,, ~-·· _:_~-- ··, ·:L .. ..-.-:;<\ .. 

Experimental details 

' ...... ~ ~ { 

1· c~ntroi '( no salt ) 
. ;: ~ ; 

2. 'sodium chloride (NaCl) 
''· 

-3. Sodlurn'sulphate (Na2s~4J­
'4~ ·ca1c:i~ 'ghiorid~, <c~c1~Y 

·, ' . :: ~-: ' . ' ; '' 

' •. 'c 



5. Mixture (NaCl +.Na2so4 +,Cacl 2} 

Conductivity = 6, 9,12' mmhbs/cin ECe 

·' Replications =.Five 
' . 

. 25. 

T~·atments =.13 treatments inclusive of control 

·(Four salts x 3 conductivities) + control 

Total number of pots = 13 x 5 = 65 

= .. CRD factodal 
... ,._ ... 

Experiment-!: Effect of different salinity treatments on 
. the germination and growth of guava seeds ·-.,.., '\ 

.. 

Seed sowing . 

Seeds of freshly harvested fruits. of cv.Lucknow-::49 
·._, 

guava _wer~ taken out. and then sown in _the ~rtificially_ 

prepared saline, soils in the. ~~umini~ .traY:s (15 x 10 x. 2 
• 

inches) • Two hundred seeds in each tray in four rows were 

sown making SO seeds in each row. 
'',,• 

Germination 

The data on the-number of seeds germinated was 
' w - • ' " l -. ' 

recorded at weekly interval after the first seed-germinated. 

The per cent seeds_germinated and overall survival percentage 

were calculated after. 7~ days i.e. two weeks later when 

germination under control was almost complete. 
'.,.; ; 

Radical length 

The length of root,_was measured in em at the end.of 

experiment. 
\.J., ,: 

Hypocotyl length 

At the end of experiment hypocotyl length.was measured 
~ '\ ' : • ' ' ·, 0 ~ -", • 

and calculated in terms of hypocotyl length in em. 



r . •. ,.__ . ) ;) 

• 
''• 

Number of secondary root ·. 

Number of: seco'ndacy · roots1 were counted for each . 

treatment at the .termination of experiment. 

2_6 

, ..... 

Experiment-II: 
~--- , ... ' ... ' _ ... _' . ~ ,·····""''-'\ ... , ."''_"(','.•:, 

Effect of different salinity treatments on 
':·,, . 1 growthr physiological and biochemical 

~hanges in plant 

Sampling technique 

t_;~ 

Fifth and· sixth leaves from the apex were taken for 
' ,. . • t ..• ' ,_- ,·_,. • 

estimation of, chlorophyll,. respiration, protein, leaf area, 
l '• ; • I " -~ •> ,- ' ' •• ' 

enzyme,, organic acid, proline and free amino acid 
' ' . '• .. ·' " . : . ' ~ - . ' . :. :. . ~ '; '. 

/ . 
determinations. Fourth leaf was taken for leaf-water 
~ - ~ -· . :. ; -'· ~. ':.·. 

".- '..... ,; . ; :::• . 
potential, .relative' water" content, and leaf~iffusive 

. . . . . , __ '. . -,;. ' ' : . ' ' ' '.·. ' .. -. 
resistance .• For nucleic acid determinations second leaf 

was taken. I)uplicate sampleswere take~ f~r a~l the, , 

determinations •. 
'. 

Determinations of proline, respiration, relative water 
,·· -. .. ' -< '' • - .- - ' ....... 

;, ' 

content, enzymes and nucleic acid content were done two 
-.. -; 

times i.e. in th~·last week.of May,1980 'and again in the' 
. ';. 

last week of SeptembE_!r, 1980. 

Growth observations -

(a) crGunulative pi~nt ·gro~1th · . 

( i) ··· The height' of all the branches of plants including 
•, ' ' :~ , ·\..1.: • } ,r , • 

main stem under different salts treat~ents ·was· taken· at 

monthl; interva~ and summed l-ip. Total height' w·a;' represe~ted 
t, -. -..... ~ ' • ' ; \ • "-. • 

as \~Q1l!l1Ul.ative plant growth at monthly interval • . . :.. . 

Ct±J'Maiii ~tern heigb-b: Height of main stem was taken 
... ' ··. -.,.. ' 

" from the marked base upto last leaf opened. The initial 
.: .. 

• 



height of th~ pla?t. taken before the addition of salt'.was : .. 
~-~ .~ 

substracted from over all height. · · 
I • • • 

' (b) Stem diameter •' ; :\ - ; ' .. 

·:.'· The diameter .of .plant was measured in centimetres 

with the. help of, .vernier-callipers at the marked' base~of~. · 
r' 

plant at .monthly intervals., 

(c) · Leaf area 

Area of .leaves ·taken· out for various biochemical 

determinations was worked out. At the end of, experiment · .. .• -· .. . . . 

leavesof:the.fifth and·sixth.position from the apex were 
._ . ' ' ---' ' . . - ~ . - . ·'· -. ' . -- -· .· . 

collected .and .the· ar~a was measured with the help of,leaf c·. 

a~a met~r. Finally, average area of leaf was calculated. 
;- I- .... -I 

(d) F~esh weight 

., . At .. the end .of. the ,experiment the pl~nts were cut at. the 

ground level .. and separated. into. stern and leaves. Each part, •. ' •' . - -. - . . . . -. I 

was. weighed. and weight was recorded as g/plant. · 
. ' ' . . .. - .. ' . ' . - - . 

-The root system was taken out carefully by taking out 

polythene ·sheet alongwith ·soil and roots. Then, roots were 

removed carefully after washing with wate"r arid dried on the 

absorbant paper·. Weight was'recorded as:·g/pla~t. 
'r-

(e) ' DrY weight: '2 ' 

The'stem, leaves and roots·were dried at'S0°C for 

48 hours. The . dry weight of sCllllple was recorded when there: 

was no further ·loss· of weight during dried.· 

(f)·' Root -length··' 

Length of primary and secondary roots were taken 

separately at.the end of experiment. ' J • _-

•:-. 
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Nature :andoextent of iniu~ 
. ··~-

. The growth of plant unde~r different treatments Jere 
~ ' ~· ·:··,. .. , 

"'--' 
. frequently Watched ·and the Sylnptoms of inju_ry, whenever, 

•. . ! ' ' 

~ . ·. - .. : ·. -~ ' . ' ' ·. .\ . ' . .' ~- ' 
noticed were .:recorded separately for·:each ~treatment. The 

. ''f 

extent of inj.ury was detennined by percentage of morta.l:ity 

of·· plants under various ·treatments. 

Plant ~arialyii'is ,. ·· 

·Preparation' of samples 
... 

· • The 'leaves ~re ·dried· at 80°C for 48 hours and finely. 

.. 

ground·; :Different nutrients· from these samples were 

detenilined according to the'. procedure adopted 'for· respective 

Except .'for chloride and sulphate, the digestion/ 

. extraction proc;edure was'. common for rest. of the: elements 

viz~. phosphorus,' sodimn,' potassium, calcium·and'magnesium. 

.· F~r nitwgeni H
2
so4 was used•in place of HNJ 3 'with•Hel04 

·fn'the ratio·9il~·· Rest-of the procedure was same •. 

· Iligestion 

. Two hundr~d- mg' of. dried; and well:ground material' was 

tsken i~'a'so inl conical flask to·whi.ch lO'ml of 4:l_~IJN0 3 
" ·ana· HClO 4 (60"/o} · m:bctu.l:'Ei _were· added. The flasks· were he'ated 

. \.- _. -· 
·'gently ·ov~r a lilt plate:for iabout half an hour· till whole· 

. . '.. ·-· -. . . ._ . . 

,. 

) 

; ' 

'• ' . 

. of the. matedal' gets dissolved and solution became1 'colourless. 

'' The: digest, thUs; obta:l.ned ··was cooled 'and final volume 

made to 50 ml'w:i.th distilled water. :; 

Nitrogen .... 

· The·' nitroge'n' content was detennined by the method of 

Lind~ rt1944) • 



...... -;;~. / . 
; . - .. 

'.; 
..... -~-

' ·;f.!~,., 

. f 

'· ',.·. . 

P Content·was'estimated'by venedo-molybdophosphoric 
. ·~-

~ . . . 

yellow. colour~ method~ described' by Jackson (1973). 

·Sodium ·and'pgtassium 

·The· Na and'K conte.nt~.were:determined by the Flame 

photometer• · ·• · . . ... ·~. 

·Calcium and magnesium 

These were determined by versenate method of Cheng and ... ,.. ....... . 

Bray (1951.)_ •. 1 • 

Chloride 

The. chlorid~ content. was determined,by: .the method: of. 

Ramsay et al •. (1955) •. --···. , ... 

. Extraction ;-,' 

200 mg .of finely ground dry:material was-boiled in 
. ·. ' .. " ... ' "" 

wat~r for, one.hourand the volume of the extract_;was made 

to 50 ml •. This was filter~d, and filterate was used for. 

chloride -estimation._,·-;; , . ·. ;, 

. Sulphur.: ,•' .·· . '' 

Two. gm of plant materiaL was digested according .. to .. _ 

the procedure desc.i:ibedby,AOAC. (1950) and fi~al volume 

was m<ide to lOO ml. To 50 ml of_ aliqot two drops of methyl, " 

red_and.2 ml of concentrated HCl were added; volume was 

made to.100.ml.which was.-boiled. Excess of barrium chloride 

was added. drop. by drop. It was .concentrated to-. 50 ml on a ; . 

waterbath, cooled, filtered.-and the ppt of Baso4 .. was dried.· 

and we~ghed:. Amount of su1pJ1ate was expressed as percentage 

on dry weight basis. 

29 
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Determination of physiological and biochemical parameters 

The procedure adopted for determination of various 

physiological aspects i.e. lE~af-water. 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 •· 

below: :. ' 

a) Leaf water potential 
'. 

Leaf water potential was measured.with a pressure 

chamber (Scholander et al•, '1964) as modified to take leaf 
. --

alongwith petiole (Turner et al.,1971)a.vailable from 'RMS · --
Instrumentation Corporation~ Oregon, USA. Leaf alongwith 

" ' 
petiole was taken and put in: pressure chamber. The cut e.nd. 

was. inserted through•hole ·madez.in rubber compressionigland~ 

The cut end.was then·observed.through-a'magnifying glass ' 

n as·the:ga~c pres"suredn.pressure bomb:·was rais~d by admitting 

nitrogen under. pressure. The pressure at which ·xylem. sap . · 
• 

appears.at:the cut.end.of petiole was·regarded as equal·to 

the. water~potential' of leaf .cells and readings were recorded 

as ·leaf7water potential·· in .bars. Leaf water potential was 

taken.·lOO~days ·after transplanting at "ll·.OOA.M. ·et 25 .days 

interval. 

b) Leaf diffusive· resistance.··. -, ' ~ 

Leaf··resistance was measured with diffusion J?0rometE'lr~ 

Adaxial ·and ;abaxial leaf ··resistance were ·measured separ<;~tely. 

·It was expressed ·;in' seconds peri centimeter. Leaf diffusive 



• 

resistance ,w:as:_taken after 100_ days of. transplant_ing at 

25 days intervaloin the .morning' at 11.00 A.M •. 

Preparation of. sample for. chlorophyll . and respiration-

31 

.. 
·' 

Leaf samples from 5tl) and 6th position from. the apex· 

were•colle.cted between 6.30-8.30'A.M. They were placed in 

pelythene .bags 'and kept in ice box immediately.The samples 

were cleaned and rinsed with distilled water when used for 

determination •.. The excess-of· adhering water was soaked with 
' 

the help of· tissue ·paper.· 

Determination. of. chlorophyll· 

Five' hilndr~·d · rrig . cit leaf sample was crushed a~d ground 

thoroughly in a glass·· pistal and mortar using 80 per cent 

acetone (Arn~n,i949). A little ainount of potassium carbonate 

was· added to neutralize acids present in the cell~ since' in 

the presence of acidity in the cell, chlorophyll change's ;to 

pheophytin. , After 'the extra~tion vas over, it. was' centrifuged 

and volume ~f supernata~t made to' 100 ml in the volumetric 

flask,· with the addition of aceto.ne. Absorbance values at 

663 m}l and 645 m.u wave length w~r~ recorded by using Bausch 

and Lamb Spectronic-20 c~lorimeter. Total chlorophyll, ... 
chlorophyll.'a 1 ·and ·chlorophyll 1 b 1 were. determined and 

. expressed as mg/g. fresh weight by using the absorption 

coefficient. in ~the formula given by Arnon {1949). 

Total· chlorophyll = 20.2D 645 + 8.02D 663 

Chlorophyl1 1 a 1 : = 12.7D 663 2.669D 645 

Chlorophyll {b' = 22.9D 645 - .4.68D '663· 



c) Respiration:. ~- • ~ '' J ' 
'· ,_._ 

;J2 

I 

· .... Standard~Warburg technique·(Umbrett,~ ~·· 1971) was 

used·for measurement of respiration rate in the leaves. Two 

discs each of .. 0.44 cni2 area we'reccut from middle 'portion 

of leaf in betwee~ the veiri; a~d''were fl8ted o'n 1 'ml' of .. 
" 

'3 l' 

0.1 'M phosphate buffer'(pH'7.o)'in the Warbu~ :flask. 0~2 ml . 

. of 20% KoH was added in central cavity aiongwith the :filter 

paper strip. 'It'w~s run'f~rlS minutes as blank and then 

the sto:P:i:er ~ere 'closed <3:rid 1uptake of' oxygen was 1measured . 

twice at 20 minute interval at ;27°c. The results obtained 

have been· e':xPressed as ).ll. cif 'oxygen takeri /cm2/hour. ' : 

Relative wat~r -content ·. ·,. ~ . 

Three'le~rvei ·per replfcate-·at random' from 5th and 

6th positionw~re t'aken and iininediately their fresh weight 

was taken.'Then, it was soaked:;.in water>:f()r 24 hours. :After 

24 h~urs/ turgid weight'was taken and then put inthe·oven 

at S0°C for 48 hour; and then;dcy weight' was recorded wheri , . ' 
. • ·. ·_- .- ... ' . '.,_. ,~ -~ ·, , . r··; .; .· . ,--. ., ·, - - - .. .. : . . 

there was no· further 'loss 'of ·welght. The relative water 

c~ntent was calculated by_'the following 'formula: 
. -~ 1 : • ..., • < 

Fresh weight - Dry weight 

Turgid weight -: Dry weight 

Biochemical estimations 

X 100 

·.,. ,·- ;· ,. 

a) Proline content . Proline content of plant leaf 
,:: 

was dete.rmined by c~lo_urimeteri.;; method .·(Bates·~ .al.,1973). 

b). Free ami~~ a~~d~:· 
1
F.i:-ee ~ino acid content was, estimated 

.. : _·, : i ·:: ; , ' . . . ~ ; . '. t 
spectrophotometerically according to method of Yemm and 

' ' 

Cocking (1955). 



c) . Protein: .. Protein c.ontE!nt was _estimated by method 

given by, Lowry~-.!!!.~ (1951) 1;15ing Foliri cio-calteau teagent. 

' 
Two g C!f_ fresh}eaves 

. ··- ' 

were taken and ground in 20 ml .of distilled water and to the 
'; .. .-~--'""7: :.· ·-~ 

extract 2 ml of concentrated HCl was added. Afterwards,organic 

acids were' ~-xtracted in petroleum ether with the help of 
. ·;·-.:;·~-~;- -C---.·.·. ;.Y._:;--·_,··.:.·:·- ,··.:,-·- :._ ·-·- .---~~- ... ·;:. 

separating funnel, . Petroleum ether fraction was evaporated 
• ~; • o ••• ~--~-·· _'_,.> ··. :,·; __ ·:····; __ --~_-,, r··-i •. _.'- ·- ··:·· ... ·_-'"" <~: _'-~ '-' --. 

on a water bath. Then, organic acids were dissolved in 
. - . • • • : ·,' -. ·, t -· . ' - ' ••• .· • 

distilled water and titrated with 0.1 N NaOH. The amount of 
.·· r ,· --. :_ , , . --. ..,_. 

organic acid was expressed as milliequivalents of. NaOH. 
• • - - _,. • " ,; • (I<; 1 •. ' t ' 

e) .Amylas~·, Amylase was assayed according to ~ethods 
'•'. ,) 

of Shuster and Gifford (1962) with slight modification. 
t .. ·- . . . 

i '. 

Reagent I: Soluble starch: 67 mg of soluble starch, 
;·-·· -· ~ --~ :~ . ', ., . . . -

0.06 M NaH2ro4 and 200 )JM.Ca~l2 were added to d~st_il~e;O: L ,~ _ 
..•. ' ·' . • ·" . ,. ' ,,·_, . i. • ' . 

·water to. make a total volume of 100 ml, boiled for ·one.- . 
:· . • '' , . • ': "' I 

minute a'nd filtered • The supernatant was used as substrate. 

Reagent II:. Iodine reagent: A stock_ solution was 

prepared by adding 6 g of l<I and 600 mg _of .r2 in 100, ml of 
, >; •; :· • .-L ,. ' 

H2o. One ml of the 
.. . 

stock solution was diluted·to 100. ml with 
- i / ' ~ ' . 

0.1 N HCl • 
..• f 

Procedure 
,",' 

One ml of the appropriatelydiluted enzyme was incubated 
· · · ·. ~-· , -• . •: . r . 't , _ ~ - · • 

with 1 ml of soluble starch solution. Reaction was terminated 
' .. - ;. '. ''· 

' .... 
after five minutes by. adding one ml of iodine reagent. After 

making the volume to 7.ml with distilled water O.D. was read 



at 620 nm against reagent blank. Initial O.D, was recorded 

using the .assay mixture· in which enzyme· was replaced by 
• 

distilled water. 

One enzyme unit was defined as the amount of enzyme 

required to. decrease. O.D. by 0.1 under the given conditions. 

Peroxidase 

Peroxidase activity was measured by the method of 

Seevers £.!: ~. (197l) followi~g spectrophotometrically the · 

change in absorbance at 470 nm due to oxidation of 0~ 

dianisidine in the presence of H2o 2 and enzyme. A_.o .1 ml 

aliquot of properly diluted enzyme was incubated with 1.8 ml 
·. ~ . ' l ' ' - . 

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 H2o2 • 

An equivalent volume of buffer was substituted for H2o2 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 various 

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. 

-.-

' • 
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EXPERIMENTAL RESULTS 

' i 
' ! presented · in 
' . 

,',' •,· ·; 

The results 'of the stud.ie's conducted are 
' ! ! 

the ensuing chapter. 

1·' 

~ ~ . ' -, ~: .. :' 
~ i ~ • .. 

Germination studies., 

1.1. Germination 

-.··: '' ~ ,,, ~ 
' 

Increasing salt stre'ss .in:the media progref>sLvel; 
. . ' . ..,... " ': . ·. 

-- ' ' ' _. ,. •. ·-· '{'"\ .- ; 
delayed and even inhibited the germination of guava seeds 

: ~ 4 
1 

(Table 1a) ~ Germination was ,_first,. noticed.21 .. days ;after 
.. . .. ' .. ... .. ' ~ . 

' ~ ! ----- ; •,_ -- •. -' .-. - ,\ -.., ~- ~-- -· '•·, ., \ 

sowing urider;6 :mmhos/cirn. Na2so4,:'salinity. Na2so4 ' ( '6 mll)hOs 
' '. t ;_ • <' 

' showed maximum :germination ·(1~ .• 5%) followed by control 
, , ., -·· _·r· (;. ..., ..... ;.:. ::.. c ·,.1 ; 

(12-S'Y.>: at;28 days after.'sowing. However,;'there;was maximum 
' · .. • ~ _.) ! -·;· l .·· .. ··:. -.:--< ,~, ~-' -~-! ,· ' ~--: ~ 

I . . . . . 
germination (86 .s,~) in control at 42 days. Rest of the 

' :c ' 1 ' . • ~ 
. .. J ' .. ~ ! . l : '. '; 

treatments !recorded''25'.per cent germinatidm at 42 days. 
' ·: ~ ; i ' ! ' .; . -· .. : ,., --. :· .•. --· . ~ 

At 12 minho~/em conductivity 'there was no germination in . . . 
' ; J ' :-: ~-~ NaCl, cac12 and m~x~Pre of salt whereas it was 2~/o with 

.• 
i ~ * •. 'f • 

. sodium sulphate. Even at' 6 mrnhos/on conductivity the 
. ! _, 

. . ' i ~ 
germination was reduced to 47%, 47.5% and 53% with NaCl, 

' . ' ' ' 

mixture: of :s,alt a11d CaC1 2!respectively wh"!reas 'it was as high 
' 1 ·::;.· , ... _ :.~- ~-~ .:::. ·::- -:'"" <:_ .. --~ 

:as;74.5% in Na2so4 salinity at the same conductivity. 

After 70 ~ays of sowing, maximum germination was 

oossrved under ,control followed by Na 2so 4 , Cac12 , Na Cl at 

6 ~mho.s/cm a·nd :Na
2
so4 at 9 mmhos/cm treatments respect:ively 

:· ~ ·- . " 

(Table 1b). Seedling survival was maximum (94 .~;.) after 79 
. .. '- '= .. : •·. .. 
t. , ·, ··- . :, , -.. .> ,~--, ,...-1 w ..... C'< ~. ~ 

days under control whereas under different salinization 

' treatments only Na2so4 (6 mmhos/cm) had more than 43 per cent 
' 

survival.This w'as ,followed by cac12 and NaCl,6 mmhos/an each 
' 

with 31 and 25 .s per cent seeclling 
' •'. '·' . 

., 
survival, ·respectively .• 

-: : ' '. 
Lowest· survival. percentage J,16.0 ) was observed under mixture 

of saltso 
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Table ~ib: Effect' of different salts and their 
concentrations on final germination 

•· 

Salt . 

Control 

NaCl ". 

.. 

Na2so 
4 

CaCll 
: 

. " ~-.- ... ~: ' 

' " ,. 

Mixture 
: 

"" 
"" 

. and .survival ·of. seedlings · 

·. Conductivity ·· 
(mmhos/cm) 

0.08 

6 . :") ·:-

9 

12. • 
' 

.. u ·':Germination after 
ro days of sowing 

_i: (%) .: " 

99.0 .. 

47 .o 

20.5 

o.o 
': ~1. 

:6 •" ~: 74.5• ; 

' 
9 ,-i 45 .s: •' .., • .•. 
12: :~: 20.0: 

... 
6 53 .o 

'"' 
9 28~0" 

12 o.o 
'· ~-

6 . ·.<:-
47 .s • . 

9 o.o 

12 o.o ..... , 
d: --·· ~ 

.,, 

,, ~ . ' <" . ~ i 

" " .. : __ ;·,·_. . ~ ' ·· .. ·" ~ _r:=:; 

" • I " • .' • ·: ... - .. 

• 
; (;" '._ ,.· :. "l :. : _. 

Survival after 
79 days of 
sowing (%) 

94.0 

25.5 
" 

6.0 

o.o 

43.0 

19.5 

·3.5 

31~0 

1:s 

o.o 
. . 

16.0 

o.o 

o.o 
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1.2. Hypocotyl length, root length and number of '' ' 
secondary roots '-- '' • -- · - ,-

c·· . .. ;./ , .:. .. ,;..,_,~--~~{· 
' .--, ; ;_ -- ,,.; -i j r 

) 
• 

-- ·r~· 
:--·-- ' • ' 

,_ --

The data ·:Prese-rited xii-t ·Tabl~ 2 reveals that different 

salts and their concentrations reduced the hypocotyl length 

and root i~ngth: dLffe;~ ritly .< Although th~~ma.Xirriiii-n. :hypo68tyl ,· -- ,-
' ' '·I" . ~ . - •. ' ' .. •.• J ·'·' • ~' '. • •• -- ••• ' ••• 

- . • I .. -~ ., i 

length (3.4 em) was observed under control but at 6 mmhos/em 

co~duc_tivit~- i:t_ was more _i~, .Na2so 4 ( 2.4 ern) follow,ed by 
> ' ' •' 0 'A '"' ~- >, ' • 0 ' << "' ~ \- '· 

mi:x;ture (1.9 em), NaCl ( 1'~3 em) and CaC12 (1.0 ·em)~-- At 
. ""·~ 

9 mmhos/em it was 

and NaCl (0.5 em, 

again high in Na2so
4 followed by CaCl - -- -

' 2 'i ; . 
each). ., .. ' . . . ;;. 

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

length ( 6.9'cm) was reco~aed in control. Among the different 

salts, Na2so~ at 6 mmhos/cn;· had maximum root length '(s .s em) 
1 . : ~--- .. \ . (; ' . 

CaC1 2 and Nacl at this. conductivity had only 3.7 whereas em 

1imd 4.4 em root length. At 9 mmhos/em conductivity,') Na2so4 

had 4.4 em root length followed by CaC1 2 (3.8 em) and NaCl 

(1.9 em). Critical view of· the data showed that root- length 

under all treatments was more as compared to hypocotyl length. 
\ --·-, 

The number of secondary roots was maximum under control 
'' ~ .... 

whereas, under salinity tr~~tments, 
-·· '·'•' 

Na 2so4 was 

CaC1 2 , NaCl and mixture of salts at 6 mmhos/em 

followed by 
} 

with 5 .o, 

,3.6, 2 .8_ and_2_.9- rootsirespect:i:v-ely. Higher. cond\lcti.vity . _____ _ 

of all the salts suppressed the grov1th as well as number of 

secondary roots. 

2. Survival percentage of transplanted seedlings 

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

survival percentage was more than 50 per cent (Table 3). In 



/ .,. ' 

Table 2: Effect of different salts and their 
on hypocotyl length, radical length 
of secondary roots 

concentrations 
and number 

• 

Salt 

Control 

NaCl 

Mixture 

' ' 

Conductivity>· Hypocotyl 
- (mmhos/cm) , - length . __ -

(em) 

0.08 

6 

9 

12 

6 

9 

12 

6 

9 

12 

6 

9 

12 

.. 
1.3 

o.s 
o.o 

2.4 

' -·-_ 1.0 

0.4 

1.0 

o.s 

o.o 

o.o 

o.o 

Radical 
-length.­

(em) 

6.9 

3.7 

1.9 

o.o 

5 .5 

4.4 

4.4 

3.8 

0.0 

3.5 

0.0 

o.o 

Number of secondary 
roots-per-seedling 

j ;·-_ 

._ ,. 

6.0 

2.8 

o.o 
o.o 

s.o 
1.8 

o.o 

3.6 

0.9 

o.o 

2.0 

o.o 

o.o 
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Table 3: ·Mean survival of transplanted·;guava ·seedlings: 
,under.different salinity levels, 

\ ·-
Salt 

·i .. 

Control 
';·:, 

NaCl 
·: .:.,. ·,·, 

' ! 

' 
·' ·. 

Mixture 

•. '-

,_. ' 

'· 

'. , __ . i ~- :. \ 

•·: ,) 

·. ,• 

' 

;..-·. 

. . .. · ' ' . ·, ''" ~ 

o.oa 

6 

9 

12 

.. 6 

/·-' 
9 

12 

6 

9 

12 

. . • I . 

. ' 

:·<-,. ; '~ 

., 

.;. 

·-·, 

' ' 

,,. 

-:. 

-··. 

'I-• 

' "' .. · 

Survivai 
(%} 

100 

100 

70 
"l.',j ·.i 

100 
'-

100 ... ' 
., 

'100 

80 •< . 
<>! -. .,.: 

100 

60 
r: 

' ' \ 

. "• 3 

.... : ' ·; :, 

-. . 
. --;. 

' 
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addition to control, NaCl, CaCl 2~ mixture of salts and 

all at 6 m~hos/cm arid· later bbth- at 6 and 

Na2so4 , 
! . 

9 mmhos/cm had cent 

per cent survival. However, under NaCl, Cac12 and mixture of 

salts ( all at 9 ~ho~/cm) 80, 70 and 60 per cent survival 

was observed. At '12 ~hos/cm ~o.nductivity the survival was 

nil, irrespective of salt. 

3. Symptoms of iniury 
' . 

· Plants under different salinity levels were kept under 

watch and symptoms of injury were. recorded separately .for each 

treatment. 
' . ' 

After 20 days of, treatment~ slight ,leaf, scorch was 

noticed under 12 mmhos/cmCaCl2 •. 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 mrnhos/cm 

· Na2s04 ~ Theref;,re, leaf-scorch was observed in ~igher 
. ' '. .. • c ' ' 

conduc_tivitie_s of Na2so4, NaCl, CaCl and mixtur'~. of sa:tts •. i 

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. 

Na2so4 _than chloride type of salinity. Under chloride type of. . . . ' 

salinity in mo_st of the cases the leaves remained attached 

even after whole leaf_was scorched and this was especially 

true with CaCl 2 treatment •. Burning at the tip and margins 

was observedat higherconductivity. The nature of symptoms 

differed in every salt treatment. In most of the cases, complex 

nature of injurious 'symptoms were observed.The ciear cut • 

symptoms noticed under different salinization ~re given below: 
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Symptoms of high chloride injury 

: 0 
Leaf scortch was first noticed at the margins of older 

• 
leaves;which extended to the base of leaf. Defoliation 

: '' l . . < • i ~ . . ,. . . . ; 
occurred when more. than 3/4th leaf was scortched; Inward 

. . \ I ;.- • ' ' "' . ., 
curling of lea.~ was observed. Margins beneath the tip started 

cu7l.ing fir'st •. Partialc.~death of. plant was observed· at higher .. 
conductivity and afterwards whole plant:died. Plants under 

NaCl~and C·~Cl2 ·(bot:h at 9, rnmhos/cm) shed .. all_t~eirleaves 
' ~ ... . l 1 ·- . 

· • by. the end of June and by the end of July.new buds sprouted 
< ' • ., • ' 

th~r~by, meaning that plant has entered into quiescence because 
"''' ; . . . ·' ' •' ' . ' ~ 

I ' '• -, ·; . ) , ~ " ' ' "1 • 

of shock at higher conductivity. Incipient chlorosis followed 

b:~f' purning 'of leaf margin was also noticed •. Death of apical 

portion·was s~en .. prior to death of plant. 

Sulphate injury •· ' 

The SYmptoms were noticed;at 9 mmhos/cm and 12 mmhos/cm 
' i 

conductivity •. · L~si· of dark green colour was obserV'ed which 
' ~: ~ .. -· . : :._.: ·.; -~ .:· .·:· ' . .; ,. 

was. uniform on the leaf. Occasional yellow. spots ~.ere also 
: • ;• ~ • ' 1 ' ' ~ 

seen.JSlight burnir:-~ of tips•and margin w:-;-s notice,d. Leaf 
i ~ ~ ~ ; ~ 

burning' spots were' not uniform :but in patches. Detachrre nt of 
' ' ; . ' . . " ', . \ ~ 

leaf waa· quick as compared to leaf under chloride 'salinization. 

Growth parameters , 

4.1. Effect oft main stem height and cumulative plant 
growth· ;: . 

. l 

All the salts~· in general; reduced the main stem height 
.. 

and cumulative plant growth over oontrol ,(Ta?le 4). 

The minimum· stem _height was observed., under CaCl 2 ·and 
. "' ~ 

NaCl where.as ma;):timum stem height was observed .under control • 
. ! 
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Among the differer.t salts, irrespective of conductivity; ' 

CaC1_2 had mlni~um ·pl~nt h~ight;,c:16~ely foll6~ed'by ·Naci':;:• 

Both the _salts had_ significantly_lower stem_height over .... 

the Na2so 4 ·and· mixtur~ -~~ _s_alt_~.: :Increase _i·~ ~~-n~u~.t.~~-it_y 

significantly reduced the stem height. Interaction between 

salt and. conductivity was· sig-;{:ific~nt. Naci'~nci CaC1 2 at . 
.. -. +~ ·; -; ~ 

--· ·- ;',. 

· 9 mmhos/em were mor:._suppres~ive than Na 2s.?.4 at the same 
• • ~- • +• , -.. • I, " " - '. ' ' ,< 

conductivity, with 35.1 , 35.9 and 41.2 em, respectively. 
I ," • ( -~ { • : ,.t 

-'- "!.."•' 

Moreover, CaC1 2 , at ~ rnmhos/~.~as significantly more 
'._ - .• ' ; '' ' _' :. ' -~ ~l : ., ·- ' ., ... 

inhibitive than NaCl at same conductivity. 
' • I ~ . -(! .,,, -,· , : 

A perusal of data in Table 4 and Fig.l reveal that 

6uinuiative plant ~i~wth was maximum (442 .5 em) in control 

while minimum was recorded· under··NaCl (221.6 em)·; Among the· 

different salts, there was no significant difference in the 
.. :> l>-.. 7.,._'\·,__ r_·,. 

45 

cumulative plant growth, however, Na2so 4 showed maximum plant 

height followed-by mixture of-salts, CaCl 2 _and NaCl. Increase 

in :conductivity .significantly reduced the cumulative plant 

growth. However, interaction between conductivity and salts 

was not significant, yet maximum cumulative plant growth was 

observed under Na2so4 at 6 rnmhos/em followed by mixture of 

salts,· Cacl 2 and NaC0t the same conductivity. The minimum 

cumulative plant growth was_ recorded under NaCl at 9 mmhos/Cm 

ltouow~-,by cac1 2 ; mixture of salts and Na2so 4 • 
~:7' . . . 

4.2. Effect on stem diameter 

Irrespective of conductivity, different salts reduced 

the stem diameter significantly (Table 5 ,Fig .2). Maximum 



/ 
Table 5! Effect of different salts and their concentrations 

on stem diameter.· (em)· 

Salt 

. 6 

·. 

NaCl 1.06 

Na2so4 1.20 
. -.. 

CaC1 2 1.10 

Mixture 1·15 

·Mean 1·13 

Control 1.50 

Control· .. VS Treatment 

Salt x Conductivity 

Salt 

Conductivity 

Conductivity (mmhos/cm ECe) 

9 

0.75 
. '-

1.08 

.· 0.91 

1.03 

' . 0.94 

· C.D. at 1% 

.. =.0.03.·. 

=: 0.04 

~-.. :::: 0.03 -

.. 0.02 

12. · . Mean 

0.33 

0.36 

0.34 

0.36 

0.35 

• 

.. 0. 9,1,. 

1·14 

1.01 

1.09 
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stem diameter (1.50 em) was recorded under control, whereas 
'', ·, __ 1 -, \ ' - '' ' ' ·- .- ' • . . . . j .•• ,., • . ' ' ' ' 

minimum stem diameter (0.75 ;em) was recorded ·under NaCl. ., 
• '· ~: - ~ - ; ~ 

Increase. in conducti.vity_ reduce<i_.the stem di~~-t_er_, irrespective 

of salt. The interaction.be~lo{E!~n,salt an~ conductivity was 

significant. Sodium· chloride· ·a.t· 6. mmhos/ciii'was ·more 
'J •. 

suppressive ··than ·NaCl-- at9.·mmhos .·Maximum .. ·increase-in stem 

diameter, unde:i ~iff~rent salts; ~as recorded under· Na
2
so

4 
· ' " · .• 

• I'- • - • , , ' 

(6 mmhos/em) f~llowed by' same c~'nductivity of mixtUre ofsaits. 

ca:c12 and 9 mmhos/em Na~so4 with :i.20, 1.15, 1.10 and 1.08'cm, 

respectively •. ' 

4.3 Total number·of leavesc:· . 

. , '!'he number of leaves. presep~_ on each plant under 

different salinity levels was counted at the end of experiment 

·and the·data·is·presented··in Table 6. The-nature and ................... . 

conductivity of salt present in the soil significantly affected 

the number of leaves. The :pumber of leaves ranged from 490 

(control) to 174( NaCl, 6 mmhos/cm). Conductivity levels 
.. ' '·. :.~ ' ·: ·, . ''. ,. 

above 6 mmhos/em, irrespective of salts used was significantly .. 
effective in reducing the number of leaves per cent. Moreover, 

' • > 

_there was a significant interaction between salt and conductivity 

as regards to number of leaves. Na2so4 ( 6 mmhos/cm) had maximum 
: : : .. -' • C'"',_··· r _ -, ' 0 I '. ·. .. , I '•" • :. ' 

(383) rnimber of . leaves 'as compared to other salts at 'the " 

same conductivity. This was followed by mixture of salt,CaCl2 , 

NaCl (all at 6 mmhos/cm) Na2so4 , mixture of salt, CaC1 2 ·and 

NaCl( at 9 mmhos/em) with·350, 307; 286, 260, 217 1 182 and 

174 leave~ respectively~ 

l ~ ., 



•· .. 
' ~-' , .. 

•' ·' 
- !>' 

Table 6: Effect of different salts and their concentrations 
' ,;; :on·.total.nurnber of' leaves per'planti 

;c... ... ' ' .: -

.Salt ! ·'. • . .'• ··conductivity (mmhos/cm ·Ece) .: 

'6 9 Mean 

' 
, , 

230.0 (15. 04) NaCl 
• ·: .~ ,: 't· ;-- ;• } ' 

286 <i6.90)* 174 (13 -17) .· 
:;.~_;':_·. ~\·: r•·· 

.. } . .-. t. :-_;. -

.321.5 (17 .85) 383 (i9.58) 
_, .... , :i 

'260 (16 .12) 
...----~; ".} . 

307 (17~52) 182 (13.48). 244.5 (15 .so) 
' . 

--- j .-· ·-: / 
.. ,_.__., ~- r ::,~::.-· -. '· 

Mixture 350 (18.70) 217 (14.73) 283 .s ( 16.72) 
,.,_ 

Mean . 331-5 ( 18.18) 208.3(14.38) 

Control· ... >.': 

"' . . , ' 

', .: -· 

"I 
. -~ 

' 1 . _.. j 
'',' 'I,' . j_-, 

Control VS Treatment = 0.15 
,_,L . ·, • ;_- '', 

Salt x Conductivity .. 0.20 
..... t . \ ~ ; . 

Salt = 0.14 
,~ .. -

Conductivity =·0.10 
'.,. 

*Values in. parenthesis .are square· root transformation values •. ·:r 
. ·- .... '. ', . . . ..... ' '• - . .. ... ' - ·, '•' ·- .. 
'. ; \: 

. :_ / 

. :. ' " .• ; "' ·' 
' .. · 

'::.-. -~ -· ,·. 
.-; 

~- -· . '"' 



• 

50 

4.4. Effect on leaf area 

'Tjle different sal iriity; levels :significantlyc affected• leaf 

area (Table ;·)'.'~h~ {~~~ ~~e'~·~~~.'~aximum (71.fJ'em> under 

~ont;oi -~h;.;~~-~-;··i~-diff~·;;~nt''5-:ifts'it varied 'from 54;·6 to'' .... 

66.3 sq.cm/leaf. The leaf area"was:isignif icantly<reduced at the 
"·---~-- -...................... -~ " ·-· -··><-·--·-··-..-.·-~_,·,~- . ,_ "'" ·-. -~- ~"'b"-· ~~ .. ·-- ~ 

conductivity level of 9 mmhos/cm; The interaction between salt 

·and conductivity ·was ·significant.The reduction ·in leaf. area.-. 

was lesser· under·, Na:2SO ~ { · 9 .inmhos/cm) as compared to· NaCl 
. . ,. . . 

(6 mmhos/cm). Among' various salts,.ileaf area was minimum under 

mixture of salts· {9'mmhos/cm) and maximum under Na2so4 C 6 .~hos/ 

em). -_, .. 

4.5. Fresh 'and'dry weight of 'leaf 

The data pertaining to fresh and dry weight of leaf 
·: ; ~ / 

are presented in Table B.·· 

The fresh weight of leaf significantly decreased under 
----·-·-··--··•<·-. ···--~---·-··----~ .. -L •• :~---------..-;-...-·;_,_ "~·--'--

all salinity levels as compared to control."Affiong' var'ious"''' .. 

salts, Cac12 had maxim~:-(0~,~106 g) fresh weight, followed by 

NaCl, Na2so and mixture of salts. Increase in conductivity 
.4 

·had more deliterious· effect :on fresh weight. Interaction 

·between' salt :and conductivity was sign if ic ant. Chloride 

··salinization at 6 mmhos/cm had more fresh weight as compared 

'to sulphate· salinization( 6:mmhos/cm) but reverse was true with 

increase in ,conductivity. 

Contrary to fresh weight, dry weight was signif:lc antly 

higher under Na2so 4 treatment as compared to mixture of salt and 

chloride salinization. However, ,all the salts significantly 
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Table 7: 

,) 

' SALT 

L. ,. ,, 

-

l. 

Effect of different salts and 
on ·leaf area lsq.crn./leaf) 

, '."i ' r_;; 
., . •r.•· . • !' 

. ' ~ • . t 

, .. 
their concentrations 

;_..:" .·,1 
..,.- ~-...; 

·;Conductivity (mmhos/crn ECe) 

6 '9 Mean 

59.6 
-1 

·' ·:·· 
64.7 ._·l 

• 
'·· 

..., 
62.1 

58.6 

i.,... 

' ,.) 

---~ 
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-'-, ; ~ : 

.reduced the dry weight of leaf as ~om_pared to control. The 
: ·;'· 

dry weight varied from 0.197 to 0.126 g. Increase in conductivity. 

also significantly reduced the dry weight content of leaf. 
I , ' . . ' 

-·. •. 

'' -~'-.; -~ . 

N~2so4 and Caci 2 at 6 mmhos/cm':-sho~ed same amount of dry 

. weight, wherea~, cac1 2 and NaC~~ :at. 9 mmhos/cm had equal dey 
I . , ' 

matter accumulation~ on per leaf basis. 

On the basis ~f fresh weight/dry weight r~tio, Na 2so4 

was noticed .to be less deliterious in reducing dry weight as 

compared to mixture of salts and· chloride salinization. 

, 4.6. Fresh and dry weight of •stem 

··· The perusalof the data given:•in Table 9 would indicate 

that. fresh weight as w~ll as dry weight of stem was. significantly . -; 

more under co~trol in.· comparison to different salinity levels. 

. How~ver, Na2s~4 ha~· more fresh weight as compared to other 

salts~ 

The fresh weight.of stem varied from 512.9:g (control) 
. . . 

198 .a· g (N~Cl, 9 minho:s/cm). to ' Increase in conductivity 
' . : ---~ 

\ ' - ' -
significantly ; reduced .. the .fresh weight of· stem •. Na2so 4 (It 

' . ' . . ..,.-- ·'. ._,_ : 

6 mmhos/cm showed significant increase in stem weight (378.4 g) . ' ... ,. '. ,. . 

as compared to other salinity treatments. 
. ~:· .... 

Similarly, in case, of stem dry weight, control significantly 

had more dry matte~ a's compared ·to other salinity treatments. 

NaCl at· 9 mmhos/cm significantly reduced the dry matter . 
'' 

accumulation in stem as compared to other ~alts. Contrary to 

fresh weight,' CaC1 2 • at 6 mmhos/cm had more· dry weight than 

mixture. of salts, however, the difference :was not significant; 
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~ ' { ": >_._ .. ·~ ~-
Among ~h~ difffrent.~s~_li?ity treatments, Na2so 4 had the highest 

1 ~ .; : ' 
I', dry matter content at both the conductivity levels whereas 

. . l 

& ~ - •• t l 

other salts had comparatively lower dry matter. However, at 
" ! ~ . ; r> : ' ._~} .. , . 
,, '6 mmhos/crn eacl{ari~ mixture of salt behaved similarly but at 

' - ! .. ~: 'i : t , ,. . ~ . _- ' - . -; ; .. : : ~ ; . 
·• ··.• 9 mmhos/cni th~re was variation· in dry matter· content between ... · . . , . ·_ I ... . . 
~.\ ; . ·c:l i ! , '\, 
• '· these two ttreatments. ,.,Statistically there was no significant 

;; -, . ~ ! _·-; ,,:; ;.-,: ~;·,_ .. ~~ 

' ' difference ·in 'dcy matter~ content of 
·, ,_, . 

1,, \ 

stem under Na2so4 at 

mmhos/cm conductivity. .. 9 mmhos/cm. and mixture of salt at 6 
'f.: ; 

ce'nt~ci.l:y ito~; fresh w_eight and dry weight, the increase in 
,· :.;, : _--.--; ··:.~- -f .. :·: --~ '.): ~-~ 1 

·conductivity did- not •reduce the fresh weight to dry weight 
. ;\ ~ ·: j [ . ~- ·.-- • ·. 1 

,. ratio.· Higher) fresh weight/dry we'ight ratio (4 .36) under 
-) ; ·:\::;: ~ :-.<-;C.;-;::- :_,. -~ 

N~c1: at'.61 irunhos/cffi:was closely; followed by 
; " r, ': 
\ ~ t; -, ._ r 

' -- ' ·-.:. i ! 1"' (. -~ :;·· ~--· .<f- j 

) .... mixture. o'f salts lboth at 6 mmhos)crn ) and 

f.o~~r~l; cacl2 

NaCl at 9.mmhos/cm. 
I,'; l ·~ c 'f'"/ '!-' ~· • ~-- i ,} 

-~-- _;· ' • • j. -~ 'J') ·---~ ;._""i "-;-'t . j 
··- '- :• 4.7 •: Fresh weight and 'dry we~ght of roots 
! : ''-l : l,t ,._, ~·~- c.; ~..... ,n.: 
1-i " 

,,. 

. ' 

;; ~he data presented in Table 10 show that both, fresh 
j .\ 

. ' 
and. dry. weight were .~ignificantly _decreased under different . . , . ~~ . . . I . .. ·. 
salinity :levels~ :::. ''-/ ~-) 

I :'J 

. I . d 

Control ,with 186.42 g fresh 

em Na:2so ~ an~ cac~ 2 ,;ri::~ pe .,25 . ", . , .-· ,_ . 

of root, l respectively. '.NaCl was 
'.• 

' 
l 

Jeight was followed by 6 mmhos/ 
~ ..,..~ ' .' ... ' 
t 'l f ',. ~ t,'\ 

giand 123.90g fresh weight 
1 

significantly more injurious 
l 

as comp.akd to other salts. Higher conductivity of Na2so4 

was fe~:sl d~?r~~~~ ~:~ .~;om~ared toj NaCl and;~ixture of salt. 

·The; drylwe'ight;: ~on~·: the di~ferent s~lts, Wf!s signifrtantly 
. I; i ·;; ' 

higher under;Na2so4 salinization ~hile reverse was true under 
) : i ... , 

NaCl. Further more, higher' conduc'tivity had liignificant effect 
t ; ' . ·-:~ .. {· I ,:-~ 

on dry';.reigh~ red~ct:i.o~. The :inte~action between salt and 
.- ! " . , ~ ~-; ... 1 • I .. 

i ; " .,_. ·.·.. .f ... ,_, ""' . ... 
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conductivity Was significant, but f Na2so 4 ( 9 mmhos/cm), mixture 

of' salts and CaCl ( 6 mmhos/ern) were not significantly different, 

when compared with each other • 
• 

~ntrary_ to fresh and dry weight, there was no significant 
' . ·' .. ' I, 

difference in fresh weight/dry weight ratio under Na 2so 4 and 

Cacl2 ~-t ,two ~onductivity levels,: however, the differences 
t i, : ! ) . ' . > 

were significant when compared with each other. 
; ·;' -; ~ : .. ~ ; ' ' ""' - . _; 
' .. . ' , ... 

4 ~ 8 ~ Length of primary.- and secondary root 
f 1, i 

. The -leng'th of· primary·. and se'condary roots under different 
' . ~ ~ - ' . 

salinity_ 'leve'ls was measuted and the data' is presented in 
~ ' \ 

. The i nature. and condud:ivity of salt greatly. affected the 
~ ' . ' 1 : i i t ' ' ,: ~ , , 

primary root:growth. The maximum:root length (36.9 em) was 
~ 

observed. under control.· However; cac1 2 recorded significantly 
'.~· "i 

more: primacy,· root· :length '(25 .6 ~) among different salinity 

levels~' NaCl' showed significant reduction in primary root 
. ' .. --

length (1.9 .3; ern). Increase in conductivity signif.lc antly 

suppressed. the ro'ot ... length. Except Na2so 4 and mixture of 
. - ; ·, t ' .. 

salt at 9 mmhos/ern, the lnteraction:between··salt and conductivity 
; .- . ~' ' . ' ' ' . "' . . ' . . . ,... ' 

w~s sigriifJc 'ant. The: length of s'econdary root among various 
' ·-· 

s'alts varied from 38.7 cm(Cac12 ,' 6. mmhos/cm) to 21.2 em (NaCl, 

9. mmhos,(ern) .' However, among salts, Na2so4 and CaC1 2 were almost 

equally effective iri reducing secondary root length. The . 
' 

highest· (54 ;3 ern) secondary. root length under control was 

' followed by;CaCl2 ~ mixture of salts and Na2S,o4 ( all at 6 mmhos/ 

~m) with 38~7 em,:. 36.6 ern and 3~.2 crrr,respeqtively. The 
j; 

interaction;between salt and conductivity was' significant 
1:: 
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salts. The increase in conductivity significantly increased 

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

significantly lowered. Contrary to this, Na2so 4 and mixture 

of salts reduced the RWC with the increase in 'conduc~ivity. 

·Under different salinity levels, highest RWC (86 ;a;~) was observed 

under NaCl .(6 mmhos/cm) and the lowest RWC( 80.2%) under Na2so4 

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

transplanting. However, RvlC after 210 days of transplanting 
• > 

was more than that at 90 days' after transplanting under all 

' treatments. 

5.3 Leaf water potential 

Water potential of the leaves declined with increasing 

conductivity levels of all _the salts at different sampling dates 

· (Fig .3) AppendiX III). The reduction in leaf water potential 

·. · ~ith varying levels of NaCl, Na so4 , cac1 2 and mixture of salts 
. . ' ' ' ; ' 2 

was comparable~ There was· a reduction of -5 to. -10 bars in 

leaf water potential under all treatments at 12 mrnhos/cm 

conductivity at 110 days ,after transplanting.· However, differences 

were reduced to -1 to -2 bars at the final date of sampling. 

Na2so4 at 6 and 9 mmhos/cm conductivity showed lower leaf 

water potential as compared to ·NaCl at same c;:onductivities. 

On last sampling day, contr<;>l and Nacl· at 6 mmhos/cm leaves 

had almost equal ·(-12 .34 and -12.67, respectively) water ·rotential 

whereas the sodium sulphate at the same conductivity had -14.83 

bars. The maximum~·- 15.67 bars water potential was observed o 

·. u·nder Na 2so 4 at 9 mrnhos/cm at 190 days after transplanting • 
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5.4. Diffusive resistance of leaf 
! 

The data regarding diffusive resistance of· adaxial and . 

abaxial leaf surfaces are presented in Fig. 4a and 4b and 

Appendix IV~ A<>perusal of data reveals that there wasaan 

increase in lower and upper leaf surfaces with the increase 

in salinity levels, irrespective of type of salt. However. 

diffusive resistance of upperleaf surface showed a consistent 

decrease with advanced sampling dates.On last sampling date 

c~c12 at. 9mmhos/cm conductivity showed maximum (3.58 sec/em) 

diffusive resistance which was closely followed by NaCl 

(3.51 sec/ern) at the same conductivity. 
'-· .. 

Diffusive resistance of lower .leaf surface, unlike the 

upper surface, showed an increase with the time in control 

64 

plants as well as in all the salts. At the final sampling date, 

greater resistance with chloride ·salinity at higher conductivity 

levels was recorded as compared to sulphate salinity.Diffusive 

resistance of lower surface was higher than that of upper 

· surface, both in control as well as in different salts. 

6. Biochemical estimates. 

6 .1. ChloroPhyll contentn 

Chlorophyll content of fully expanded leaf decreased 

significantly. under. di,fferent salinity levels! as compared to 

control (Table 14). 

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 obtain.ed under control. ChlorophYll 

'b' under' Na2so~and CaC1 2 types of salinity were same (i.e. 

0 .'664 mg/g). Chlorophyll. content wa~ inversely proportio':al 

to conductivity; Chlorophyll • a', chloroJ:hyll 'b' and total 
. ' 

chlorophyll content were significantly high under CaC1 2 (6 mmhos/ 

~ ) as compared tC? N~2~o4 .at same conductivity. CaC1 2 ( 9 mmhos/ 

·. c~) stlowed miniinum-·(2.09 mg/g) and' NaC1(6 mmhos/cm) had maximum 
. . . -- .. · . -~ 

(2.43 mg/g) total chlorophyll contents. 
' . . ' . 

. , 

.· Proline content significantly. increased under different . ; . ' ,. ; . 
. ; ' \ . ' ' ' - . . ' 

salinity levels at·_go days as well' as 210 days after transplanting,. 
i - - -- . . . .. c ' 

a~ compared to ~~ntr~l ( T~ble 15):., 

· ·At.90days after transplanting·, the maximum proline content 
f : 

d.87.1 ~/g )was u~der ·NaC1(12 mmh'os/cm) while minimum (56 .9 .ug/g) · 
I ; - :.. -- .' ·' . 

was 'recorded _under Na2so4 . ( 6 mmho.s/cm) .There was. a significant 

ihcrease in p:roline und~r ~iffere~t salinity levels, ~xcept 

under;Na;so 4 'at·-.6 and, 9mmhos/cm, as· compared to controL.·· 

Irrespective .of salt; proline con~ent increased ~i;t'h· the 

increase 'in c'onductiv.ity. The intera'cticn between salt and. 
' . . . . . ' . ---· 

' ' 

. conductivity. was significant. NaCl at 6 mmhos/cm showed more·,. 

(87 .8 .uc;/g). However; the differe~ces between the values. w~r~' 
.. ..,._._ 

·,.-

' . ' . . . . ,· .. . . ' . . ·- '- •'. . . l 

. ·not statistically,c signi:ficant. MiXture of salts (12 mmhos/~) 
·' . ; - . 

sryowed' sig~ificant de.crease in proline content as compared to .. 
• • , , ,i - I • ~ 

individual salts of chloride salinization at·9 mmhos/cm. 

Similar trend. was 'observ~d even at 210 days after · 
'' ' 

transplanting. There.'was a·generai increase. in' proline content 
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under different salinity levels except under NaCl salinization. 

Moreoyer #. at•210;days .. the proline content was more:under 

Na2so4 ( 9 mmhos/c:dn). f)~linity as: compared· to control. 

6.3 Free amino acids 

The perusal of data presented in ·rable' 16 clearly . 
• • ' - • 'I_ ·., • -~- ,. 

indicates that all'"salinity levels significantly increased 

free amino .a~ids .(mg/g .fresh .. weight) as compared to control. 

Out of different 'salts, mixture of salts· showed s ignif.ftrm~ 

increased in free amfno acid content followed by.CaC1 2 , NaCl )::'H 

and Na2so4 • Increase' in free amino· acid content·was linear 

to· conductivity. However, NaCl ( 9 mmhos/cm) showed maximum 

(1.51 mg/g) free amino acid content as compared to CaC1 2 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 
. "' -·· _.,. . '. - ...... ·- "~· " ... . -· ~. .. 

. . 

Na2so4 i.e~ significant increase in free amino acids was 

observed under Na2so4 at G'"mr'nho~/cm than its 9 mmhos/cm 

conductivity~ . ; . 

6.4 ~ Total protein: Significant decrease in protein 

content (mg/g fresh weight)'was recorded under different salinity 

as compared to control ( Table' 17) • 

The minimum protein content (20.5 mg/g) was recorded 

under NaCl ( 9 mmhos/cm). While comparatively higher (30.1 mg/g) 

content was observed under Na2so4 ( 6 mmhos/cm) out of different 

salinity treatments. NaCl significantly reduced the protein 

followed by CaC1 2 # mixture of salts and Ng2so4 • Increase in 



• ·Table 

sait · 

NaCl 

~a2so4 
cac1; . . 
Mixture 

·Mean 

Control 

,·- - -

16: .ElEe~t of different salts: and their 
.. concentrations on ·.free amino-acids 
' (rng/g fresh wt.) 

i -··· '· _' 

Conductivity (rnmhos/cm ECe) 

1.19 

1.33 

1.38 

0.96 

'· 

,_," ~ -',_ 

... 

c.D.at 1% 

1.45 

1.43 

1.41 

··· Mean··· 

1.35 

1.30 .. ' ~ 

1.38 

1.41 

Control vs Treatment = 0.04 

Salt x Conductivity = 0.05 

Con~uctivity 

. Salt 

• 

= 
= 

'- \' 

0.03 



Table 11: Effect of different ·salts arid their 
. concentrations on total insoluble · 

proteins (mg/g fresh .wt .) 

Salt· 

NaCl 

Na2so4 

CaC1 2 . 

Mixture 

Mean 

Control 

.. ' : 

6 . 

25.2 

30~1 

2S.7, 

26.9 

.27 .o 

. Conductivity, (mmhos/cm • ECe) 

20.5 
.:\ . ! ; ' - •. 

24~8 

22.5 

21.6 

22.4 

c.n. at.l% 

Mean 

22.8 

27~4 

24;1 

24.3 

'\ ·, 

Control . ,ys Treatment • 1.3 

1.7, Salt x Conductivity 

Conductivity.· 

Salt. 

'/ .. 

' '' 

---

~ .... 

. '• .. 
0.9 ,, .. 

'·'• 

.. , : 

~ : · .. ;:: ... 

J) 

... .... 

> ' 

"•f 

''·' . 

, .. ' 

·.· - ~ 

.. '·. 
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conductivity significantly reduced the protein cont~nt~ 

irrespective of salt used. Although, the interaction between 

salt and conduct~~,~~Y:~~s-~~g~lf.~cant yet, N~Cllan~ CaC1 2 , . 
j; L •.• ~,_..- ·•~- -·- ... {, __ , -.~,·; { ' . '·,..~.>-\.:_, . ·_:,:. ''(,, 

each at .6 mmhos/~m· ·had''practically the same :protein content. 

The·· difference. in-the . p~ote in-content under . Na2so 4 . ( 9 mmhos/ em) 

and NaCl ( 6 mmhos/cm) 'was'not'signif icant~' " 
.... ~- ~-· .. "·~--~-~-~--" '··- --· ---~---- ... ~-

6 .5. Organic acid content "'' 
.. ,,_ ... , ~----~,.·-~-"''"~-~---· ········----~--"-----~---~ _,. __ , ........... ~ -·-·--··--~--

The data pert~ining to organic acid content (meq ~~ NaOH/ 

lOO,g) is presente~l i,n Table 18 • 
• ~ -.I 

A significant increase over control was recorded under "., ·" . " '·. .. .. ,.. ""-- -

different salinity levels. The maximum increase in organic 
··:._·t.-~-~~<;: /, .. ~)i;. . . .. .,.·.·::• . 

. acid content ( 4.99 meq NaOH/100 g) was observed under NaCl 
~- '; /: ... 'l ]. . 

(9 mmhos/cm) and lower content (4 .59 meq NaOH/ 100 g) under 
> :; ':. ~ •._.:, :~, ' ~ M ~!, o, ' ~ _, 

Na 2so4 ( 6 mmhos/cm). NaCl sig'nificantly increased the· organic 

'acid coritent"whicn'was· follewed by CaCl 21"·mixture-of"salts and 

Na2so4 ,respectively. The, i11crE!,~se in organic acid content 
. .:.:.. ':. ~ ..::-~- -.::.:.. ~.: .... -..: ~.:.: 

was observed with the increase in conductivity. The internction 
, r· ;::· .:-'L ·--/~: •. A. (,-:.-_-~;~::~.C·'>ii,.. -l. ;·;,. :-) "T 

between the salt and conductivity significantly affected the 
i, ••• '· '• ~~::_~;~· •• 1.'.:.:: ... ~ .. -:.-~: ~.:;\,' .:- !; '1:.~" 
organic acid content. Na2so4 at 9 mmhos/cm .had the same 

··:-.. /:._:·:.:. .. :.~;::..:,.'.,· . ~) .. r.:::: 
organic' acid content as that found under mixture at 6mmhos/cm • 

...... -;; ---~ ;~ n "':; ;:. 
However, NaCl at 6 mmhos/cm significantly increased organicaGUL 

content as compared, to Na2so 4 at 9 mmhos/cm ~ 

6.6. Enzymatic studies 

6.6 .1. Peroxidase activity: The data with respect to 

effect of different salinity .levels on the peroxidase activity 

(enzyme unit/g fresh weight) at 85 days and 205 days after 

transplanting were recorded and is presented in Table 19. 
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salt l ~ . 
J) i. 

. -. ,;~ 

i ~' . 

Ni;i2304 
'· .. 

CaC1 2 , 
! 

Mixt'ure 
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control-,! 
- • p • • 

. ·; 

',,_: ' i 
Effect' of different' salts and their 
concentrations on organic acids content 
(meq of NaOH/ 100 g: fresh weight) 

Conductivity :(mmhos/cm ECe) 
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6 9 Mean 
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·' '4 .99 
:[.; "" 4.91 • 

l -' \·:> 
I 

4.59 '. '4 .66 4.63 
\:·, 
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1 
I 

An overall significant increase. under all salinity levels 

at 85 days; as 'weil ·as :at 20.5 days after transplanting, was, 
~:, . . I . i . .• '_."! • • • 

recorded :as 'compared to ·control. Amon'!! the various salinity . . ,. 
f "<- .'. 

levels, highest peroxidase activity (1382. £.U(g) was recorded· 

7B 

1 "~ i ; . 

:under CaC12 ((12 ~hos) while lower activity(811.3 enzyme un~t/g) · 
. : ~ ~ ; ' ; 

was obsefv'e~ und'er. Na2so 4 c ( 6 mmhos/cm) .The control recorded 
' : . . ~ ' ., ,. " . 

,. lowest <586 ;{~dzyi1le unit/g) peroxidase activity as compared 
I • . ~ I '.'. ( ' ' ,, . : ;··.: ' :~· . ~ 

· \.o · a:ll s~li~ity ;levels. Among va;ious salts; plants· under 
~ ~ 

,cac1 2 tr~atment :sh~we?- n:ax.im~ peroxidase activity followed .... 

. :·:by NaCl, ~ Na~SO 
4 

!and ~'ixture o.~ salts. Furthermore, increase. in i•·<' 
--- \ • 1 •• ' ' 

. conductivity in~reased the peroxidase activity. 
:., . ' ; . 

Similar resul.ts:were. recorded at 205 days after transplanti_ng. 

However,f the overall ~.activity of peroxidase was reduced under 
' -. ' • •• _! : .. : • 

'·-~- -~ ....... · 
k11 salinity treatments as compared to activity observed at 

, .. , i, 

:85 days 'after transplanting •. ·. 
j ... - ~ . ~ 

. ' i . . ' ~- < • ' •, -~ • • •• • 

6.6 .2 •' Amylase activity:, .The amylase activity was 
:- . ' - . - ' 

'significantly i~creased unde~ all salinity levels at 85 days 
1 ' ; '· : J ~ . : . t ' 

:and 210 'days after transplanting as is obvibu;; f~om Table 20. 
I_ i' . ·- •' . 

''"'-;. 

Ali the' tr~atme'~ts' sign'ificantly increased 'amylase activity 

contro;l.Th~ m;~:~~ ~yiase activity (577 enzyme unit/g) . ' . -over 
I •. 

was recorded udder NaCl at 9 mmhos/cm while the minimum 
i ~ ,. 

. . l ~ l ' ' ' i . 

(305. 7 enzyme unit/g) was re~;:orded under control. Increase in 

conductivity· upto 9 'mmhos· si~nificaritly inc.re'ased enzyme 
. ., ' '• -.·-; 

'i • ) ~-· 

activity. At 12 mmhos/cm conductivity of NaCl' the enzyme . . . ~ ", 

NaCl treatment~ 

was ;educed significantly as compar~d·;,'to 9 mrnhos/cm 
. . ·r: 

. I 

li~we;e_~' _it ~as sti~l 
'. ·. :·; .,., 

"'' t J 

more :thanc.under NaCl at 

activity 

) 

~ .. -
.-,-

' ' ·J 
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;-"1. 

,--, 4';, 

• 

6 mmho~/cm -~ Trie chl1ori~~ t;~'- of· salinization showed higher 
' ' ··--; i, . \ ;,, ·, t ·~ 

activity of amylase .under NaCl at 6 mmhos/cm than under 
::!, • ' ' ~ . ' .- ' '• • :, •. .. -i 

' ' ; . ;. ' ! t • -~ .·-·; ('.: 
Na2so4• at 6,9 ;and 12 mmhos/cm •. •: ·! ,. ' 

Simil~r; ~rend iwas obse~~d at 
' ' 

• ;· t 

Howeve·r, the activityl in general, 
-. . ' - ' . . ' ' . . " . "· !'', 

.; 
2 05 days:. after: transplanting. 

' . v·, 
"· . l " . 

was reduced.·~ 

~.6.3 RNA and•DNA content at 95 days after transplanting~The 
~- i 

'data 

;DNA 

' presented •in Table.,2Lclearly reveal that both RNA and 
( . ; :'-: : . :~~ ;· :-·.·_: ~ .. _-; ~-:, ;_·:~ . -~-" 

content> wers significantly reduced under all . treatments · . - . ~ ·-.. - .. ' --· ~-"' ... · .... ~" ' .· 
• I -- -.. I ._ ; ; ~ ; 

... _,.., ... . 1 as compared--to control... . .. 
.. :.: ~--, . . : ' f ~-: - t _. : ~-~ '~1 ~-~ -:-~ ", , ::-:' 

,..,.· ... . 
. .. ,_ 

" , Among .the different salts,':NaCl significantly affected RNA 
;. ; ; I ::. t t ~• -, ; ::' :; .. -' ' ' • {' ' , • 

~-·~:' ••• ; -~-' f· - , 

:·conte,nt .fol.lowed by ~ixture ~ c~c12 and Na2so 4 , Content of RNA 1 

··"' . ~ ~: t ... . i ~. ..") (·-· \-;· ~-- . . : ·-; 
•:significantly decreased,' with the increase "in conductivity .Lowest 

--~--~ ·:_; I .:~ l ~-~e-. '"J '~.:. c L -:..: :·; ~-; ·: -~-; ··· - · 

,jRNA coritent (0.88 img/g) was recorde-d under NaCl (12 mmhos/cm) 
; < 1 . ~- "' ... ~.:: ', 

;?.,.;hile' highest RNA i cont~nt was found under Na2so 
4 

( 6 mmhos/cm) 
-~;. ' . :· ; _ ... \ 6 t~ ,·_ ~ r.; .... 
:However,' .there was no significant difference in RNA content 

,: ' ; . : OM,!~, 
. under Na 2so4 k,each -~~ 6 m~h,~s/cm, with 1-76 mg/g and 1.71 mg/g 

.. ; ;_} ' : ; . 
-·>'respectively;. 

~ ·- . ~ '. ' '.' ' . -

ieontrary to RNA, .DNA content was more ·reduced under 
' ,_ .--. '. 

_. '··' ., '•. 
~ ·-- _. - ' ,. ~ ... . " 

Na 2s? 
4 

salinization followed by NaCl, mixture. of' sal~:: and Cacl 2 • 
. ': ', ( ' . i . ."·: t -·" . .' • 

.. , Higher conductivity levelshad significantly 'lower DNA content. 
( ; ~-= j ! --~-: :::; -, ·; ;·.'_; ~-~ - . :.-~: ."' . -' ;·-

Among different sal:l.nfty,.'levels NaCl ( 6 rnmhos/crn) .observed 
; i ' . l ; . --~: . ·--~ () .--.:; • ':··-, 

maxtinum \ 0 ;300 ~g/g) DNA content .. while minimum DNA .content 
~ ! -~ ~ ~ :·.·. ~---- ·. : .' ~ i''.J . __ ··- ,-·,-. ·. 

(0.2,07 mg/g) was !also·:obtained• under same salt at 12 mmhos/cm. 
! . t . ; J . "" ~ ~~ '-·· '. ., .. ~- ~-:l . ,._:_ ·:·::' 
: The data regarding RNA, DNA· ratio re\Tealed.\,that this ratio 

·• :--··. 
was isignif.:b antly reduced under NaCl followe<;i b:i cacl 2 ,mixture 

of salt a~d Na2s~4 • Ch,lori?_e type·!of salts were.more del1:terous 
.,_ ~ ·• -- f -·; •·. 

than sulphate salinization• 
-: :; t -~:: -~--: ,: '· ·--.t •, • '" 

~-- i -· 

..J 

•·:. 
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' 
6.6.4. RNA and DNA content at ·215 days after transplanting 

· Under ·a:ll, ·salinity level~ of RNA content (mg/g.; f,resh 

weight') decreased significantly whereas there was no 
. . . . . 

·significant differ~nce in RNA cont~nt (Table 22). 

Among vario~s salts, mixture of salt significantly 

reduced the RNA content followed by NaCl, CaC1 2 and Na2so4 • 

80 

. However, the differences: in :NaCl, cacl 2 and Na2so4 salinization 

were. not sig'nificant. The lowest RNA content (1.69 mg/g) was' 

observed under mixtilre at 9 nimhos/cm. While highest' (2 .16 mg/gr "·· 
: ' . '(' ,:.,.,. .... >'~~ 

RNA content was refordea ur:de:~ Na2so4 and CaC1 2 , each at 6 mmhos/ :·· 

em. 

There was no significant difference in the DNA content 

under different ~afinity l~vels as compared to control • . , . ' . ' 

-Ho~re~er, ;0.3;37 mg/g DNA' was recorded under control followed by 

_GaC1 2, ,NaC~, Na2so4 and mixture of salt. 

1 Am_tJ~g ,different salts, the Na2so 4 showed significantly 

·higher RNA/DNA ratio foll~w~d by cacl 2 , NaCl and mixture of 

·salt; Increa~~ in conductivity signif icanl(ly_ decrea~ed the 

RNA/DNA ;at·i6. There was no significant difference. in RNA/DNA 

·ratio at 9 m~hos/cm: and'6 mmhos/cm of Na 2so4 and NaCl 

sai inizaticm~ ·.respectively. 
. , ' . . 

7. ;Mineral' composition 
i 

;1 .1 Nitrogen 

The data concerning per cent nitrogen in leaves, presented 

' " .. . in Table 23, clearly reveals that: salinity signif:ic antly · 
·"" ' . . 

increased nitrogen: co.ntent over control· Different salts behaved .. 
differently regarding. nitr'oge~.oc:lntent of leaves~ In'crease in 

·' . 
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Table 23: 
• 

Salt 

··NaCl 

·Na
2
so

4
· 

CaC12 

MiXture·· 

Mean 

Control· 
',. 

' ' 

. · .. 

... ; 

Effect of different salts -.and their 
• concentrations on. nitrogen content(%) 
of guava leaves 

'•. •· ' ., :.· .. " 

. Conducti~ity (mmhos/cm ECe) 

6 

2~41 

2.23 

.. 2'~43 

2~28 

' ...... , , .. -

2•34 

2.20 

9 

::·.·2 .36 

. 2.31 

!•,' 

2.44 

2.34 

2.36 

. . · ... 

C.D. at 
1% . 5% 

,--; ', ~- f ~ 

Mean 

'2 ~39 

'. 2 ~27 

2.44 

2.31 

Control VS Treatment 0.03 0.02 
.. 

' 0.04 0.03 Salt x Co~d~ctivity 
Conductivity 0.02 0.02 

Salt 0.03 0.02 
,, ., 

' . •' 

,, 

__ ,, 

.. , .. , 

... · 
' 

' ' 
,_J... .• ~ .. 

,• 
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r. 

conductivity resulted in increased nitrogen content under 

Na2so4 and mixture of salt whereas NaCl salinity caused 

significant ,reduction' with. increase. in conductivity. Calcium 
~ ' ' '~ __ : : -;--·. . ·· •. ' ·- ~ : -·1 

chloride~recorded significantly more (2.44%) nitrogen per cent 

followed bylNaCl (2.39%) , mixture of sal't (2.31%) and Na
2
so

4 

(2 .27%). i The interaction between· salt and conductivity was 

' ' ·significant. But, increasing of GaC1 2 salinity had no 
1 . . .. ~ 

significant ·.effect ·on nitrogen content in leaves. The maximum. 

"nitrogen:content (2.44%) was rec<?rded und~r CaC1 2 ( 9 mmho~/cm), 
. ' ' - - . . : ' ,~- .. , .. 
: follow~d'by :its lower conductivity. However, the differences . .,'·p· 

; were not: significant.· Plants under NaCl treatment'\6. mmho's/cm) 

. rec~rded.higher nitrogen contenb ( 2.41%) than~~ 9 mmhos/cm. 
I . / 

.. ·: .. The; N content was increased comparatively more under fhloride . 
,, 

. . . salin~zation tha"rr under sclphate sal inizati6n. 

7.2. Phosphorus 

The'pe~u~al of data in Table 24 reveals that P content 
. ' . 

of leaves d~creased with increasing level1·~t.'salinity in the 

. soil. .. P co~te.nt ,wa;> ~fgnificantly higher f-rith Na2so4 salinity 

-as compared .to chloride type of salinity. The interaction 

between salt and conductivity was· significant, however, the 

differences'.within salts of CaCl2• and Na 2so4 salinity at 6 mmhos/ 

em and 9 mmhos/cm were not significant. 

7.3. Potassium 

Control leaves significantly showed more. (1.22%) K as 

compared to all ;salinity levels (Table 24). I~crease in 

conduct! v~~Y significantly. decreased the K content. Among ·. 

.,_ ;< 
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t,he different salts, NaCl ieaves l:!.ad lowest'K.followed 

by CaC1 2 , mixture of salts and Na2so4 • The content of Kat 
•, 

' different salinity llevels varied from 0. 70 
< • ' _} - ~ ' • : • 

per cent (NaCl at 

·9 mmhos/cm~ t~ 0 .• 93 per ~e~l1t,,<~~ 2so4 at 6 mmhos/cm). The 
. I , .•. 

•,_, 

interaction betwee~ salt and .conductivity was found to be 
. ~ I 

' ' 
.significant. ' 

7.4. Calcium and magnesium 
'' 

The data; pertaining to ~ale i\JlTl and magnes i'um ~percentage_,' 

in gJava leav~s. under different' s.cilinity levels are· presented 
' ; 

·.in Table · 25 • ' 
·' '· 

The.nature and conductivity of salt present in soil 

s.ignifica~tiy: affected 'the: ~~l~iun content in leaves as 
! ·~ 

compared to control. Among the various salts, CaC1 2 leave·!'! r ~ 

;a~cuninla'ted highest content of calcium followed by mixture of 
' ' 

' 
.salts, :Na 2so 4l ~nd NaCl ~ .re,sp<;ctbrely. The interaction between 

s.,;_l t :a~d. ~oriductivity was si.gni.f icant-..i. At 9 a~d 6 mmhos/cm, 

cac12 showed :naxim'um ca content (2.94% and ~14~%~re~pe~tively) 
' . ; - ! . . : ' . . . ~ i 

·in leaves'followed by.mixture of,salts at 9:and 6 ~hos/cm, 
wut: , .. \ ' '' .. ''. ·' ,., . ' 

,whereas),N~C~ 'and ~a2so~ s~li~ity ·calcium content of leaves 

decreased,signifi~antly with increase in salinity. 
' ' ·~ l ~ 

. :Contra~ to calcium, magnesium content in, leaf was found 
"'! 

; ' ' .-... . .. ,·; 

<to be significantly lowe·r ·under sulphate salinization followed 
• • ' ~ • ' "< • _._ ... 

' 

85 

by CaC1 2 , mixture ~of salts and NaCl. The incre.~se. in conductivity 

decreased 'mg' content of leaf. The interaction .b.etween salt 
_·- .. 

and conductiVity was significant; Among different s~linity 
• .i 1 "'. 

levels, the• maximt'm, abso~p~i.C:m of Mg content (0 .913Yo) was 
' ' .. ' . ~- .. ,.; 

obse
1

rved under NaCl (:'6 .. mmhos/cm) ·while it was:m,lni.in~ (0 .697%) 

under Na2so4 at 9 mmhos/cm. 
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7.5. Chloride, eodium and sulphate · 

The data regarding chloride, sodium and sulphate content 

in leaves grown under different salinity lev~ls was determined 

and are presented in Table 26. 

The perusal of data clearly indicates that increase in 

salinity significantly_ increased chloride content in leaves. -
The maximum increase was observed under Cacl 2 salinity followed 

. ' by NaCl and mixture of salt,irrespective of conductivity. No 
-' ~ J,_.;' 

difference in chloride content was observed between control and.'· .. , 
•' ,~· ·. ,;,~· 

·. "'- .-. . .. ,/·' .. , ' 

Na 2so4 salinity at both the conductivity levels. . .. . ... 

The sodium content of leaf· was also found increased with ' 

increase in. salt concentration in soil in general and with 

sodium dominant salinity -i~''par.ticular (Table 26). Pronounced 

increase in Na content of leaves was observed with NaCl 

_indicating. an increase of four times as the conductivity 

increased from 0.08 mmhos/cm (control) to 9 mmhos/cm.An 

increased Na content·was also observed with Na 2so4 and mixture 

of salt. 

The data in Table 26, regarding sulphate content indicstes 

that among the four salts applied, the sulphate content in the 

leaf was found to be highest (0.36%) under Na2so4 type of 

salinity (9 mmhos/cm) followed by Na2so4 , 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 2so4 at-#-. mmhos/cm was just do~le of that found under CaC1 2 

at 6 mmhos/cm. ·Regarding the effect of individual salt, an 

increasing trend was apparent in Na2~o4 type of salinity whereas 

reverse was true und~r NaCl and cac1 2 salinity. 





. DISCUSSION .· • 

' ~ . 
The present work was undertaken with the objective to 

. : ' 

st~y the effect of different salts and their concentrations 

ongermi~ation 
I • . . 

, growth, mineral composition, water relations 
' . 

and metabolic changes in guava. . . . . ~ ' 
>·;. l. 

Effect of salinity on germination and seedling growth 

The results of. present .study indicated that nature and 

concentration of salt.s. not only delayed but also, inhibited 
'' ,... ~ 

th~.s~ed germination. Na2~o4 _salinity was. not as injurious .·_t·· 
_ .• _. . _. .. ~. _ _ _ _ .·, __ 1 • - r -~~-_, · t -~··.-.. ~ ..... _ _... ,~·. ~----~-:-

to germination as NaCL. Ca~l 2 and mixtu:;e of salts; At · .. . : · _: · 
/ 

12 mmhos/crn there was no-germ~nation under mixture of salt, 
·" I . 0:: ~ 

NaCl~CaCl 2 wherea~,it;was 20,per cent ;yith.Na2so4 • Mixture. 

of. salts proved more deleterious even at 6 mmhos/cm .AyerS: 

and Hayward (19~8) also found that higher salinity levels 
••' ' - '' . . . . . 

aggravated the delay in ~mergence and also decreased the 

final- germination· percentage. Similar results have been 

reported in mulbeXry (Bahodyrov,1956), dates .(Hewitt,1963) and .-
Zizyphus, rotundifol ia (Dhankar !:.! al.,- 1978) -; 

· _ In the_ present· study, the; reduced' and differential· 
. . 

germination· percentage of· guava seeds under': different salts 

at lower•level-s ca11 be· attributed to osmotic effect of salts. 

A general ·inhibition of germination at higher concentration 

of salts inay be: due to slowed hydration of·._ seeds' under 

different ions; Th~slower a~d- reduced rat'e of hy'dratiotl --

may have reduced the rate' of' hydrolysis of reserve food ,. 

material· which in turn a:ffected germination'. However, a higher 

germination percentage wit~ sodium sulphate as compared to 



' . 

90:. 
sodium chloride, calcium chloride and mixture of salts 

suggests. thatthe effect o:r salinity on germination is. not 

merely an osmotic one. but ion's .responsible .for salinization 

also have .. their ovm· effect.· Decrease in rate, of .. seed. 

germination in -response to .salinity has. been·,well documented 

(Hasson-Porath et i0,..,1972;, Ungar,1974,1978;Panigarh-rl i0,.. , 

, . 1978) and each; s:pec.ies _a:ppears,i;o have :thresh-hold suction. 
-value for its germination (Hunter and Erickson, 1952). Prisco .. - .-, ,. -- ' . ', . .,_" ·. "' . .. ... . . 

and O'Leary (1970) and ,Tur _tl ~. (19BO),suggested that the 
. .. - • . , ' ·•,. ~.-. ',," ·- -~ ' • - I , ' • - .' 

, , I , • 

. •' ' . ' ,• ~--

effect of salts is .mainly osmotic at lov1er levels but appears " . . •' ... ·. -·. '·. . '·.. . . ' " - ' . ' . . ·_ ~·" -·, .,_ ' .. -~- ....... <s:· 
to be primarily ionic at_ higher levels •. Sheeran ·_(:1975) observed · 

- .' .. ::__;-_:• · ..• :~ "··.'. .•. ·-· .c ,;,..;:·,- •, ..... ·- •.. f.~·;::__·~ 

that-increase in salinity ( upto 10 mmhos/cm)slowed down 
'• 

the hydration of cotyledons of nioong ana' 'grain' ;~hic't1 in turn' ' . 

reduced the gerinin'ation percentage 0 

1 ' Hypocotyl length~ root'length and nt.unber of se'condary'· 

roots \1ere significantlY' depressed by the type of 'salt 'and_ .. · 

.. ; increasing salt concentration':droilth of'embryo axis and 

roots \iere ·greatly reduced. vlith' chloride· type of salinity 

· as com !Jared to sulphate type; Secondary root· emergence is more 

sensitive .to salt:stress. A._colllplete inhibition of secondary 

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

It seems.likely that at. lower. salt concentration.· primarily 

r 

the cell elongation is inhibited·_while at higher concentrations 

in. addition cell·. division.is:also affected. _Hasson-Porath . . . . .. . . . . . ' ' . •... ' '~: .. 

.§:!:. al. (1972) ,also'. reported.th.a:t sodium chlor.i_de .. ,":as, more, 

. inhibitory to pea seedling gro\~th than sodium.sulphate.This,, 
' .- - ·, "' ,' • • < ' • 0 ' .,' ' ~ '·• ~· '< ,L " ' • - -.• '' I • •' • ' " ' •• '" -

was attrib~t~d to _COJ?plete • osrnot+c ada P~;;lti,()P ,of. P,lan\s. 

to sodi~ sL!lp~t~ whereas. it ~ias incompiete to s.odiu~ . 
.. -- .. '' ~- -, - .-' :. "·; ·; ;_;. ~ .:. I •. :· • : ' :, : • , • . ..:. ' • 



'' 

'" ' r· 
chloride. Guardiola and Sutcliffe (1972 ),_ suggested - ; . ' ; ~ ' . . ' . . - . .· :. ; ' ,- - - - . . 

that- . 
due to ,i~i~i~~! delay ~n commencement of .hydrolytic processes 

' '' 
th~ rate of hydrolysis in the cotyledons under salt stress, . >·•_.: __ •"f·' . :'i.~' ._.,, ·---,. . ,• - . 

" 

may not become limiting :to gro.,th of embryo a~is at later, 
. : ~; ·: ~ . . , "' 

stage, b.ut _the ~~~uc:ed metabolic activity, of the embryonic 
\ '· . 

axis itself could be the main inhibiting factors. In addition 
• ·. ·-. '·- ' : 't ••. ~ • • .. ' ' ~ :.. . ' . ' ' 

to t~:se fact_or~, t~e,, accumulation of ions in the leaves­

may have also affected the normal metabolism, of ~e.edling _,1 

thereby reducing the grow'th• .,. ·:· ·, 
•''·• 

.· -. ~--· : ._,_' -~; ~~--~.: (·,-.. i . 
.• - ___ . '~.;···-~>;-

Effect of salinity on growth and developnent of transplanted·"' · · . ., 
guava plants 

;·· j ' '. . ' ·. ~ 

-'Higher 'conceH1trations· of different sal t"s" ·in' soil adversely: 
. . ,If, 

. affected.t:he plant.' growth. sali~ity significcinuy decr~ased ., 
;· : .. -·; ..... :. . .' -<". ,~ .... ·:. ~: __ .'!~_--f~<-.-

the height,· stem· diame.te·r~ leaf:• number, leaf area, fresh and 

dry weight.of-various i?lantpari:s and the iength of primacy 

and secondary roots of guaV:a· { Tables 4 tio U.) .Hlgherhh~ 
-, ... 

concent:rat.:i.on of '"salt; greater'\he suppre~~ion of ·growth, 

however, 'the degree of supp~ssi6n was d~pende'nt 'on the,. 

natlire of sait; In the pr~sentK~hloride type of saii~lty 
proved more injurious' than si..u.:Ph.cite type cif; salinfty. "s!ffi:i.lar 

' ' . 
{Gupta and Bhainbota, 1968), orange (Furr arid. Ream, l96S); grapes 

{Gupta arid Nauriyal, l973), pium and peach\ (Ncis~ et al., 1977>, 

dates (Furr and Ream, 19G8) and mango (Bh~bot'~ et
1 

al., 1963). 

However', .. fresh weight per leaf b'Cl.sis was. ina:Xiinum under chloride 

type of salinity than thatof s.ulphate type whereas ~verse 
·.- ;> ,· "' :·., ~· ' ' .· ; '. 

is true.for~dcy weight. The increase in fresh weight-under 
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;, .. 
., •' •, 

chloride type of salinity. is mainly due to more accumulation 
" " . , . . ·' ~ -~ '' : :' . 

of water. The higher relative water content as well as leaf 

water potemtial under chloride type of salinity as compared to 

sulphate type of salinity observed :in the pres~nt i~vestigation 
·" j 

~- .· .... ,-,_ 

supports this view. Therefore,mere " Physiological drought" under 
"; .... .-: 'l. .. . . .. • :.' ·' 

the influenc~. of salinity as it is frequently accounted for 

does not appear to hold good. 
L :': ' '-.• 

'' ., --- '. -· • '! ; ' 

Toxic effects of salts cause metabolic disturbances within 
.- .. 

the pl~nt, ~s very clear from the present investigations. 
.. -·:· . .- ... -~- _,~ -~ ;,.: 

. ··. Nitrogen metabolism including nucleic acid content is greD.tly . . )··' 
· . .-"'' 

'' -· ' ' n -· -~- ' ' . • .. ~-. ·, ·, 

affected. In addition, nutritional imbalance and hunger 
"'· ,-

there in created cannot be isolated from its effect on plant 
,. ·.; . . ;_/ . . .. . .. ~- ~ . . :· '~ . ', . 

growth. The higher accumulation of sodium, chloride and sulphate 
-_ •' 

and decrease ~n uptake: ~f ph~s~ho;us, potass~~, ~~i~'ium. ~~d'., . 
, ' ~-

magnesium under sodium chi~ride and .sodium s\tlph~te type of . 
. ' . ' . 

salinity are direct reflection on reduced growth of guava plant • 
.. 

Sulphate type of salinity is far less injurious as compared 
,·_: :' ' _.). 

to that of chloride type of salinity. This may be because of 

' the fact that plants grown under sulphate type of salinity, 
i 1 ., '· .. 

generally, are characterized by a well developed conductive 
. . - . . ... _. '·,. 

system in their roots along their axis while in chloride type 
; .. 

' _: -~ 

. , .. "' 

and vessels are of small di~et~r (Strogon~~(1962). :He f~ther 
' : ~ -. -t '· • ·~ • " • ·'-. '· • • ,'. ·': -

suggested that under sulphate type of salinity in cotton, the 
•· I· 

water expenditure on transpiration depends on the degree of 

stunting of plants. He further found that the more s'tunted the 
; . . . \. 

plant is the less.water it would expend on transpiration.:i:n 
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'the present:study:it·has been observed that-plants under, 

chloride type'. of .salinity .were more stunted as compared. to 

l: 
I 

.. , 

·. plan~s under. sulphate type. of: salinity .This is:; becaUs{;! the 
I 

evaporati6n;surface in greatly, stunted guava plants is_ nmch. 

smaller·· than.· the normal plants.· Furthermore, .. relative water_,. 

content• of ·leaf is more under chloride salirhty _than under 

sulphate· salinity.· The high. amount of relative:water con:t;;ent 
• 

is. due: to increased diffusive resistance_ of .leaf under , .. 
' -':\. 

chloride. type of· salinityc as compared to .sulphate" .type of . . J.: 
., • >~ •• 

salinity • -The· higher -diffusive. resistance causes lesser ... , .. : .. 
. .. . ' .. '" ·- -.,• 

. 
transpiration and lower ;uptake .of water wryich in _turn may_ 

/·' 

increase the temperature within. ,the plant (Strogonov,1962): 

.·Thus,>increased .temperature.may be additi~e. to the.: toxic. -; .. • -.. 
'(· 

efftects of salts and ·thereby growth is affec:ted., Furthennore, 

possibly 'the. hormonal balance· is disturbed .and ultimately .. , , . - ..... ,_- ._: . 

affects the normal. plant gro~rth. ·· 

Many workers • have.' ascribed the reduced; :p~ant tgrowth 

on saline media to the osmotic inhibiticn of water absorption; 

toxic effect ~f ~n~, ~utri~ion~~ imbalan~e,, ;ro~~ct
1

i~~ of. 
. . . . • ''-·-...._- -- . ' .. , i-.. :· '-'.<.. . ..: , .. -~ .. -.: ·' . .: ,_.,_ •• 

toxic substances, ;tn. plants and ill effects on plant ~etabolism • 
.. - •. t·; •.• ·-· . • .• __ ' ;- _;; 

,• 

Wadleigh -and Gauch(1944J'- and Wadleigh and_Ayers (1945) suggested 
' . .' ·-- -. _.:. ~ . ·' .. ,·'·.,:·. / ~:... • 1.: ' :.' -:.: , .. ·-· : ::·: .: ;_ 

that increase, in osmotic. pressure of soil solution, by the 
. ' - ' . ' . . - . ·. ., ... _, -~; ~ . ~ :; 

presence of different. salts in the media, . decreased the water 
' . : -·-- . . , ... 

uptake of plants, thus, creating _a "physiological drought" .• This 

in, turn results. ~n suppres~ed,,pl~nt grow~h. Co~~:~~/~~ ~~ese l 
. ~~.:~:p:h~~9::: u:::::::·:.::h:~:!:~?;:~l c!;;~;/ 



salts penetrate into,the cell~, cause: an inc.!Cease in osmotic 

pressure of celL henceforth the water~ uptake~ increases. 

, 0 'Leary 0971) putforth an unified theory on~ this,controversial .. . ' ' .. . . 
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issue stating that resistance: of root.s to water uptake. increases 

under salinity, .. thereby, hormonal-transportation· from ,roots •.to 

leaves. is reduced.This in turn disturbs horrno'nal. balance within 

the plant •. At this .time plant accumulates solutes and osmotic .• 
~ . 

pressure of cell sap increases which. maintains. the .osmotic . .! .. 
gradient necessacy for water absorption.Thus, .it c.an be postulated ·· 

~' ' ."'i":·' 
that lower water uptake .under salinity is not the. rriain .. .fa'ctor.,, ·X · · 

that suppresses the growth. Van Den. Berg (1952) po~nted out ·~hat ! 
';~· I 

salt tolerance of some crops mainly depends up<bn their adaptability•: . . . 

to toxic effects .Toxic accumulation _of .. salinity ions and nutr,ient 
- . I ' 

imbalance in pl'ant due:to .. excess of these ions in soil• and · · · 
i 

' · pla.nt has been reported by V<:trious workers (Hayward· and Bernste_in, 

1958;AlliSOilll' 1964) • 

Effect• of. salinity on· water relations of guava plant 

-The results-regarding water·relations as affected'by 

salinity•show .that chloride' type of· salinity lnduced more 

relative water content of .leaves while sulpha'te type of salinity 

decreased it (Table.13,Fi~;;~anq.Fig~ ;b).Theseresults are in 

'agreement with .those of Desai (1975),. Nieman (1962 )·, Divate (1974) I 

. . 

Meiri ~ ~.(1971) and Prisco and:O'Leary (1973). Leaf water· 

potential decreased under both chloride and sulphate type of 

salinity. Although, maximum decrease :was observed 'in plant's from 

sulphate· type of: salinity •. Similarly, leaf diffusive resistance 
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is 'increased 'iri diffe~ent salts· but higher resistance was · i 

observed t'rom chlodde type·of salinity. Nature of 'salt 

produced little incr'ease in resistance· of abaxial'surface. but 

a··large ·increase ·in diffusive 'resistance·"of adaxial surface~ 

Kaplan and· Gale (1972) also showed that salinization produced' 

li~tle' or no effect in stoni.atal resis'tance of UPPer surface but . 

. a large 'increase in lower surface~· Aceves,-N £.!:: !!!·~ (1975) ref;o;ted. 

10 fold increase fn' leaf diffusive resistance to ·water vapour 

at -12 bar sa·l t in wheat. Both NaCl and CaC1 2 behave similarly ' •· 

although the eff~ct of CaC12 ~as' somewhat' larger at intermediate 
,·• .. -

salinity levels.· . In the. present . study too, CaCl:l' is. 'somewhat . 

more effective iri il1creasing the resi~tance. 

The 

ofiplant 

results of the experiments '.Show 'that the water exchange ,; : 
. . .. - -,- . . . I , : '. .· . - . . ~,.;:;--~ ; . 

on soils of the same conductiv~ty, is determined by the 

typ'e 'of salinity~· The plants raised on sUlphate tyFe of salinity 

sh6wed lower •water content and higher rcite of transpiration than 

the plants raised on chloride. type of ·salinity .Possibly the 

plants from sUlph!lte •type of 'salinity :absorb water more intensively 

from soil and ·expend~t· more intensively than the '·•plants from : .. •: 

ch;loride type of salinity •. This change· in· rate of· water exchange 

can be considered as a· specific response of the 'plant' to ·the ' 

effect of chloride and sulphate ions. It is worthwhile to ,mention 

here that adequate water supply urider ·sulphate type of salinity 
: . . . 

is eri.Sured by an intensive. developnent. of root system with much 

larger lateral root.S and' rootlets bearing root hair; However,· 

root deve1or:ment under calcium' chloride· salinization too was' 
' '., 

., 



.-better but· rootlets be_aring :root halr .were practically missing/ 

, absent, indicating that the ·root hair. are irnportimt ,and more 

i sensitive ·parameter under· salt stress • Also the .. higher. : ' .a • , __ -~ ' 

: absorption and • higher rate: of. transpiration consequently 

, under sulphate salinization ·resulted in better. water circulation 

:within plant. Thus,· leading. to a self cooling of leaves which 
! ' . ~- ' ' - . . . ~ '., --~ 

in· turn caused -lower. toxic· effect .of. salt. Contrarily, .,.diffusive 

resistance. is much more increased. in· CaC1 2 salinity because of 

' high chloride content ·resulting in .lowering the{r~,of :transpira~ion 

and reducing the water circulation and hence no self-cooling .. ;;::! 
. . '. . . : ·- '/.. . ~-'· 

• , .. 
of leaves arid ultimately toxic_'effect,of salt. is increased. 

' 
Is.akova and Chkoniya. (1936) showed that the soil was salinized 

. . 
with NaCl, . the· rate: of :transpiration. of Bochmeria nivea. 

... . -_;: 

decreased •but reverse was ... true with sodium sulphate.· st.rogonov. 

· (i962) ·interpreted that:.the .amount of mobile .and easily 

exchangeable water increased under sulphate salinized soils 

·while under chloride, .water was exchanged with difficulty and. 
. - . - ' 

'hence 'more relative water .content was observed •. He ;further, 

· reported that 'high water uptake • and high rate. of transpiration: . 

·tinder ··suiphate· salinized: soils lowered the temperature of leaf· 

by· self cooling and this· in turn 'lowered the toxic,·effect of .. , 

salts. 

The increase in relative water.content and leaf water 

'· potential ih later· stages'. is· probably: due to 1 leaching effect 
'• . ' . 

of salts ·through riiin water: since· the: experiments were con<;}ucted 

in.the'open.· Higherconcentrations.of all the salts drastically 



reduced the .leaf water. potential_ and increased ·the diffusive 

resistance~ ultimately causing. death of the plant. ·Probably,· 

the leaf-water potential is reduced £o a point where both 
~ ' ~ • ; : ~ .! ~ _. • . ' : - '. • ' . - . ' . ' ' ' 

osmotic potential anc;J. ,.turgor pressure became, 1 imiting for 

growth, causing-death ofplant. 
' . . ~- . --' .•. ' .__ >' ~ ; - '· •' -• •' ~-

Effect of salinity on metabolism of guava plant 

. Disturb~nce in the. normal metabolic processes. of- guava 

plant under different 'S~~ts :nas observed in the present study 

i.e •. various salts caused an .. increase in free amino acid content·'··: 
1; :- • ~. :.!' .... · --.' 

particularly proline, total organic acids;the activi(ie·s.of·. >('' 
• > •• ·- :_ • ._ • ;-· \ 

amylase and- _per.oxidal3e, ~nd decr~ase in total insoluble protein;. r 

chlorophyll ~ontent and nucleic acid content of the.leaves. 

·Metabolic disturbances_ have been reported to be .an indirect .. · 
• ' ~ J 'i I~ . . - I • ! . -: ~ 

effect of salinity (Bernstein,. 1962; Passingham ·and- Kriedemann, 
' . '. . . .. -. 

1970; Nieman .. and Poulson,1971 and pesai,1975). 

Marked increase in proline. content in, 'the, leaves· is ' 
-,- '··' - ' i 

·-.· .. ' 
·' 

,;,, . . 
observed under chloride type of salinity as.compared to sulphate . ·. 
salinity, . indicating that the proline accumulation is primarily 
' ' •. · • ··- ! • ' ' . • . 

an ionic rather than an osmotic.effect. Moreover,_it-.is-interesting 

to note·.;that the highest proline accumulation is ~~he --l~~~~~--s;.j ____ ;,_ .. ------:- ·-:··-:···:- -~-::'"·:--~ ·-----------.. --. . . ~-~-~~----.. --.---..:._;:---..._ ____ -
taken at 90 days after transplanti'ng which consequently coincides 

. . . ' ' ', . ~·-------- --------~------ ~- -" ,. ' . • . " ',.- ... ,_...._....__ _____ .... , ______ " . " . ".. ... '2-

w~=~-.:~.=-~eri?.~ .. ~.::~:.a;._.:~ .. -~~--w_a;e~~_po_!ent_ial of leaf •. Thus, an 'IJ,\J 

~~~ 
increase in 'proline content could also result due to. internal -

' ;: '. . . --
water content. Chu~ al. _(1976) also reported.that proline ,..( 

c ' \; 

accumulation in barley is lnitiated and maintained. by fall, in 

internal water potentlal but the rate of proline synthesis· is. 



influenced by the internal concentration of. certa1n ions~ i.e~ 
.. 2 ' 2+., , 
Hg · + arid possibly Ca .... promoting and cl 

+ ·. . -
K and SO · 

4 

recorded in 

I 

being inhib.itory • So, the less pro~'irie content 

.the pr~~e~t t~tud~ under sulphat~ sa.li~it~' .appk~r.::.· 
to be due to greater inhibition 

·:. ; .. · : .. al : . :. . ·:. " 
of its synthesis astresult of 

•.· . . .. ' ' . , ' : 2-
higher concentration of SO 4 

. z. 
'2+ ·. and reduced Mg 1ons. Stewart 

' ' ~ ' 

a.~ ~.sa !J. 9'18) .re;;:oz-t:.s0 ?:hac oxi.da.t:loa of ·proline was 
' ' ' '. ~ . •, . . ' . : \ 

inhibited by NaCl whereas only a slight inhibition was observed 

with Na2so 4 • 'rhis might also explain the lower proline content 
•,' ,.-'"'\ 

under sulphate salinity. Three main factors may cause proline . 
. · . -~ 

0 
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to accumulate under s~l t str~ss. First, there may be a stimulation 

of proline synthesis ~r,orn glutamic acid; secc.>nd, proline 
_:.:·.·:>: 1. 

oxidation may be inhibit~d; third, incorporatio?·.·~.f free pro}ine 

into protein may be impai~ed. Singh .§.!:. al. (1973) ·and .Stewart 
•'; 

and Bogess (1978), ·reported. that there is a stimulation of proline 

synthesis from glutamic acid, perht:lps due to.loss of fee<i back 
' , . 

inhibition .of .. synthesis. of intermediate t::J, -I?yrroline-:-5-

carboxylate::· (P-5:-C) ai)d proline oxidation is;:,inhibit~(i· Whem. , . 

stress is relieved the proline levels decline rapidly in viable 
. . '' ' . '. -". : . ' . . ··" ' 

tissues due -t;:o oxidationvia P-5-C and also thE1 incorporation 

of glutatm~te into pr<;>tein! Hence, t~ase .. in.proline content, 

at the second sampling (at 210 days after transplanting) ·in the 
~----. _...,.,.._--.._ __ ,,_.~---·· ~ ., .. -<>~····-··-~·-:~-· ~ -~--.... --

leaves may.possibly bebecause the plants had;adapted'themselvesr 
-------:--::-~--

•'-' ~ . .-.. ,.. .......... ~- ,_..,_~~·~·~- --· "'"" -- d---~~ ... .,._,"""',~"'·""........,'''-'-··'"'-·~--~ 

to the salinity conditior;J.S• 
...._,_ __ ,~·-------.... -· ........... ------ .. -~ ·'"' .. .....,.,,,.._.._.,, __ "' __ 

An increase in the free amino acids and· decre~s~ .:in·: the 

protein co~t~nt indic~tes th~t salt stress m~~ ~have edther ' 
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accelerated the· d-egradation' 'o.f protein '6r · irnpair~d the 

incorporation of amino acids into prote-in or both. The. 

reduction 'in 'protein; content is more uride:r' chloride • 
. r ~- • __ • · - . ' ' , , > •. _.· • • ·- \ '- , ' • • ; '· : t 

salinity, suggesting the high hydrolytic activity vis-a-vis 

lo\r synthetic activity o.f'proteins under 'chloride saliniz'ation 

as com'pared tci sulphate s~li~ity. The inhibition of prote,in 

synthesis' in the guava plant leaves under salt stress may' be 
~ 

. attributed to 'excessive 'increase in ionic concentration in 

cells< Reduced "jJrote iri s.\rnthesis and enhanc'ed hydrolysfs', 
0. 

under saline conditions is "1e11 documented (Nieman and Poulson,,,: 
. . .. . ·.._..,' ..... ·.,,.,; 

.. ··'·• 

1964; llieman;1965 and •Udovenko .!d;. al., 1973). Kanane' and'' .. · ' , . , 
' Poljakoff.:.Hayber' (1968) shovled that both uptake and incorpor?-t'ion 

' ' ' . 
of labelled amino: acids •into protein of. pea roots· were reduced 

by presence of· ·salts in the incubation medium.Similar:;restilts 

were reported by Benzioni· .Q! ~. ( 1967) in .tobac.co- leaves. ,, · 

Sheoran. (1975) reported an increase in _protease activity 

under. saline conditions v1hereas the prote.in content was,, 

decreased and . .free acino ·acids increased. Nieman and Poulson . . . . 

" . 

( 1971) ·suggested that salinity suppresses chloroplast dev:elopment 

which most .likely acoounts, .for reduced rate; ,of protein 
. - . ' .. 

synthesis_.in salt a.f.fected leaves • 

.... A decrease. in the. nucleic acid content is observed 
• ' ' ' C ),_ '•' '' < 0 • ' ' A> ~·. < ' •' J, : 

with the increase in. salinity. !1ore pronounced .e.ffect .was .. on 
. . -~-·. ' .,. ,. . . ·' ~. . ' . ' - ~ 

RNA content. The- decrease ,in nucleic ac;id content o.f plant under 
sal~nity may be ~~e- t.o their 'reduced synthesis and/or · . 

inc;~~se,d ~te, of degradatio~~'as reported b_i'Niernari -and '.···· 

Poulso~(1964) and Pri~-c~a-ndO'Leary (1972). Kesseler et §!].. 
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lo'b;: "' 
(1964) . repOrted' tha't salinity treatment. strongly;'' 

suppressed RNI\ and DNI\ 'content·. 'A decrease l in.iRNA content 

was~attributed to'the·.increased.activity:of cytoplasmic., 

RNa:Se, whereas decreas'e 'in 'DNA •content could· be due to its . . . 

impaired 'synthe's'is.· Ro'user and••Hansen (1966) observed that 

salinity streiis ·c'aused le'akage. of divalent cations· :; 

(Mg2+) which 'noi:ruii1l'y act'as-·stabilizer•of: ribosome against 

endogenous nuclease:; As· a. result. of such lee;kage I. lower ,, 

content of nucleic a·cid 'resulted 'in the plants under saline 
. . . 

coriditions.·•'·In the pre'sent study too a decrease in~·· 

Ca2+ and Mg2+ was·'observed t.inde'r all salts except·· CaCl '· . 2 

where Ca was· high~.:.::::·~ · '·. . 
:'' 

.. 
· ·Reduct ion iri 'chlorophyll content of leaves· under salt .:·• · · · 

. stres's • coUl'd'be'becalis'e·of· the'.'•nutritional deficiencies,. 

water stress··and suppression' of• chloroplast. The reduction 

·iii chlorophyll' co'ntent was''more under sulphate than 

chloride s'a.lih.ization;' This' is•:probably because of the'· 

more reduct.iorf iri Mg2t ;. content'. obserjled 'under ·sulphate 

;ty'pe· of 's'al'iriity> 'since:;'Mg2+. •is 'the mineral constituent·•''" 
• 'of· 'chlorophyll molechle. Deleterio'us effects due-·:to' ' 

; r· 

· sal'inity 'iri the photosynthetic apparatus like· suppression 

of ·chloroplas't 'development· 'and 'change in lamen·ar structure 

has ·been repOrted ·by Nieman :and •Poulson (1971 )· and'Lapina 
' ~ -

'and· Popov i {1970) :• •In view ·of 'the :above facts i• it is ·' 

'obvio'li~· to' rave·•re~uced chlorophyll content 'iri leaves from 

'plants·under'·salt stress, ·observed in present course''of 

·study; • : :~ ··.:' ._ .. ; ' . ' ~ ' ., . ' - ,., '' ~ •,.., ..... - .. ., ·l:: '. 
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'"' - ' An increase in the rate of· respiration observed is an 
.. - '~' ·_:_' ·:,.·._., ; ?-' :··.- ..• ,_; 

;.\ 
indication of growth suppression and increased hydrolytic 

. -. ' .... \ -- . ' ' -;,;' ,, .. - . 

:' activity in plants under saline stress.·The increased rate 
; ,' . '. '.- ·: ... 

of respi~at ion may be b~.C:iiuse , of the i,ncreas_ed ~nergy _ 

requirement of the plant __ for the selec_tive absorption of .. ; 
ions and uptak~ cif _ t-fate~ _,under salinity' conditions •. Slatyer 

(1967) and Desai (1975) reported the increased .respira"tion ... , . . '.' : ,/ ' -.- --~ ·- - . ' .. : 

rate under saline media. Energy requirement of plants. _ ,> .. 
~- ... : .' :·-·, ··.·, ····: ~:-: .·. ~\:·.~::· ·-··· r~.-...· .. -:'.!-~- \-." ·. !_ 

increased for water uptake of selective ion absorption 
' ' L ' , ' '-.~ '; ,. • " ; • ' I , 

under salt stress conditions. 
. •· "' .. . .... 

\ '•' 

An increase in. the activity of amylase and.peroxidase· 
:· .... 

" observed in the_ present study suggested increased hydrolytic/ 
: ' : .... ' . ·' . ,_ . ' ·: :. ' . . ' ' "; . ' ' . ' .. . . - -'~ 

activity. Salinity_is know:n to affect the peroxidase· .. , 

activity. Although, contradictory reports have been reported ,-.. 
' ' . . . ~--- --: -~ ·--··· ~- . -·- . 

regarding peroxidase activity under salinity, (El-Fouly and 
. ' .... '. - ' . ,• . ' . -- '. 

_Jung,1972; Maliwal and Paliwal,1972; Weimberg ,1970) .•.. 
' ' ' . ~- ~ . ,. . ' ~ .·.• -. -· . . . . - -- ' 

Strogonov (1964) s_howed .that peroxidase must play a role 

in oxidation and accumulation of substances,,. leading to 

melanin' formation from tyrqsine in necrotic .. areas of cotton . . - ' ' ' ) ' . 

leaves under sodium chloride_salinization. The increase in 

amylase activity observed.may be due to increased starch 
• . ·' .· . • . .... - . . :1 ··: : : . 

content. Desai (1975) reported increase in starch and 

carbohydrate content in _the leayes of guava. plant under 

vari?us salinity treatments. Similar reports have been 
' {) :: • ~-' ' l .: 

published by Gauch and Eaton (1942), King (1954) and 
' . ~ ,, . "• ' . . . ' 

Strogonov (1962) in diff?rent crops under salinity •. They 

also reported that the increa~e~ carbohydr~te level may be 
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due to the fact that'these might have. accumulated more 
·. ' .· >" -· '>- ': " • 

rapidly than their utilization for the formation of. new 
.. ' 

cells and tissues. 
- ·' --- ~ ' ' ' . ' 

The increase in organic <J..Cid content as affected by 

salinity shows that. organic· acid content in the plant is 

influenced by. the rate.of ions absorbed as well as ,by the 
. ' " . . . . " . - . ' 

type of icms· being absorbed. Torii and Laties {1966)·:-suggested 

that d~livery .of ions ·into ·the vacuole effectively rem\?yed 
. - . ; ... ~ . 

organic acid ,from cytoplasm by forming'sal_t of acid in,.· . .'--· 
' . ~· . . :~' . _ .. .-.. ;r~- . 

vacuole .and this results. .in increased. synthesis.~of organicj~ .. 
' .· •• • "t; • • ./ 

acids being.synt~esized~ It is also possible that ~xcess 
!· .. 

of organic acids are utilized as substrate for the increased - ' -·-·· - . 

. respiration in plant under saline medium·.· . ' 

Effect of salinity on mineral composition of leaves 

An obvious disturb~nb~ in miner:al composition of plants 
- . . ' 

occur under different salts. In the present study •·. the. 
t • '. 

imbalance was fotind in the level of mineral elements • 

. Chloride type of salinity affected more as co111par~~. to, . 

the sulphate type. These results are in agreement with those 
- ' ' . j 

of Makhija ~ &· (1980) _and Desai (1975). There was an 

increase in the nitrogen content under all salts. Chlo;=-ide 

uptake was highest under calcium chloride. type of salinity 
• " ' '! 

followed by NaCl and mixture of salts. Sodium content was 
. • 1 ' . ; • " • • • ' 

~ighest in NaCl followed by Na2so 4 • Calc ill~? content .was 

highest only in_plants raised under treatments of calcium 
,_ . ' - . .,) 

salt. Similarly~ s~phate was maximum in N~2so4 salinity 

plants. The .contents of P, K,. Ca, Mg decreased under .all 
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salts. This ~nc~ease or decrease in leaf mineral content 
. . ' . . ':. . . ·~-· • -~ : '- . __ - .• l ' .- • . _.-' ,. ' ·; .. --

is generally proportio-nal to concentrations. of 'salts" 

present in the substrate-. Moreover, the' m.in~.l:"aJ.' co~pO'sitio.n 

of le'aves indicate' that the e;tent to which. i~n · acc~ula:tion 

and io~ '"inlbalance. 'is in.;,olved1n suppre:Ss ing the plant 
~ -,: - . 

growth. 
. . . 

~ ';- -- ··-·· ~- _,-:<.;. c·:J .L ., 
Increase in nitrogen content under· different salts may 

,,.u,",: .... •' 0,', '·: 'l ._:• .·:.:_;:'· ' ~ .. , '; ,• ~ 
be attributed to the marked increase in the free amino 

acid coritent, particulari:Y proline. s·t~ogonov (1962) put 
fo.l:"th that ri"itrcigen in~tabolisin of plants grOwn under ·sal i~;· ,,. "' 
condit.ions differs from. nonnai plants because c;f: th~ high~~</.~ i 

i 
: -~ ' ., 

acc~ulation of intermediary nitrogenous substances' 

Reduction in p' K, Ca and Mg . observed under NaCl and tfa2SO 4 

salinities in _the present study have also been reported by 

Ehlig~ (l96o)', ·shm;ose (1968) ~and Desai' (1975). The ieduced 

. ' .·· 

. uptake of these e-lements is probably due .to. the high sodium 

content' in soil. Sodium has be.en repor-ted 'to cause deficiency 

'of. these el'ements; Firstly; b.;;'~ a use sodium is comparatively 

. looseiy held. in the exchangeable form/ so mostly Na + . ions 

~re relea's~d to the. soil' in. the fractional E!xcha'nge beca'use 

of 'its high p~rc~ntag~ i~ bh~ ·soil. Secondly, cit high pH 

v~lu~~' '~s·u~li/associatedwith excess. soditim, the soil sol~,· 
'c~~tl~i.~s \igh :carb~n~te a·rid• b:i6carbonate ·(however,· this''is 

. not' th~ reasori t~ 'the prese~t study J. Thirdly, on competitive 

'basis Na-''~~clud~s thes'~ ions from abso~ption · ;,md sodium is 

. absorbed.
1
as' an alternative catfon due '.to mass ·action (Blac} 

. 1967 L Th~ "high~f content .of Ca under 'caCl2 and mixture 
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The germination of guava seed is inhibited under. 

saline media, especially.under mixture of salts and 
• • chloride type of salinity. The inhibition of seed germination 

was probably to reduced rate of hydration and mobilization 

of reserve food material from the cotyledons. ,to embryo 

axis. The inhibition of seedling growth under salt stress 

is the resultant of reduced cell division, enlargement, 

toxicity due to ions and disturbed metabolism. 

Suppress ion of grm~th of guava plants under saline 
...--: 

conditions was due to number of factors viz. reduction in 

cell division.and elongationr adverse effect on root 

I 

··."· . ~ .· 

development particula:dy on"root hair, low dry matter production; 

reduced water status, suppressed synthesis of protein, 

nucleic acids and increased respiration and hydrolytic 
·;:,, 'J 

activity. ----~~-~ 

Proline accumulation seems to be an index.of salt injury 1\ 7 
rather than tol~r;nc;-~-::~a~se--~;-;he fact ,-~~:t marke~-

----------
accumulation of proline took place only under chloride type 

of salinity and latter was more injurious than sulphate type 

of salinity.· 

Nature and concentration of salts are more important than 

salinity in general. The harmful effects of different salts 

+ -may be primarily attributed to accumulation of Na , Cl and 

so~ ions. 

-·-

/ 
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The effects of four salts (NaCl, Na2so4 , CaC1 2 and 

their mixture) at different. concentrations (6,9,12 mmhos/cm) 
' ' 

on seed germination; growth• of transplanted seedlings, water 

relations, biochemical changes. and mineral composition of 

guava (Psidium guajava L.) seedlings were studied. The. 

results are summarised as given below: •' .. 

Increasing salt st.ress :in .the media progressively. 

delayed and··even inhibited' the"germination of: guava. seeds. 

At higher conductivity levels especially.under mixtli.re_of; 

' salts the germination was totally inhibited. Seedling· growth .• 
:~' . 

was also inhibited at higher concentrations especially under ' 

chloride type of. salts. "·. 

The growth of transplanted guava seedlings-in terms 

• of plant height, stem diameter, number of leaves~ leaf area. 

and dry matter accumulation was greatly: affected :under 

NaCl followed· by Cac1 2, mixt~e of salts ;and Na2s~ 4 •. 
.-' .· 

All the ·salt .treatments' caused injury to the leaves 

and the extent of !~jury increased with>th~ increasing 

salt -concentration •. Under 12 mmhos/cm ECe plants did not · 

survive. '._' . . ·. ~ 

' .... 

... The• primary .and secondary root growth was maximum 

inhibited by·NaC1., followed :by mixture of salts,Cacl2 ·and 

Na 2so •· 
4 . ., . . --

'Resp-iration rate was significantly' increased ·with 

increase· in co'nductivity at 90 days after transplanting.At 



107 

210 days, respiration rate under different salinity levels 

decreased, however, it was significantly higher than control. 

, Irrespective of conductivity, the relative water content 

was significantly higher under NaCL followed by ·CaC12 and 

mixture of salts. Water potential of the leaves.declined 

with increasing.the conductivity levels of all the salts 

at different sampling dates. An increase in'diffusive 

resistance was observed under both lower and upper leaf. 

surfaces. However, upper. surface showed a consistent decrease 

with advanced sampling date. Diffusive resistance-:of.lower 
,! ~ 

J '• ' 

surface was more. than that of .. upper surface. 
; ' . ~· .. 

Proline content .. signific':lntly increased under different.! 
. ' ' ' . .'. ~ -

salinity levels at 90 days as well as 210 days after 

tranplanting. Highest proline. content was observed under 

NaCl treatment. 

Chlorophyll. protein and nucleic acid contents decrased 

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 significantly under 

all salt treatments. However, Ca was higher in the leaves 

under CaC1·2 treatment. 

The leaves of guava seedlings absorbed constituent ions 

of salts (Na
2
so4 , NaCl:.• CaCl2 Y in toxic amounts. The 

accumulation of 'these ions increased with increasing 

concentration of the respective salt in the soil. 

-.-
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APPENDIX-,· I 

Physico-chemical characteristics of the 
soil used 

/-. 

Texture Sandy soil: ... 

Saturation per cent 30 
,·_/'':• 

., 
pH.' . ' s.s 

-
'. ,. ,< 

.'',·, .· 

Conductivity._ 0.08 mmhos/cm :t:~e .. 
.. 

Organic carbon 0.03 per cent 

Available phosphorus 
' ... 

21· lbs/ acre 

Available potash 296 lbs/acre 



APPENDIX - II 

Amount of. salts added for· preparin;J .soil 
of different conductivity levels 

Desired 
salinity 
(mmhos/cm) 

' 

. Total. salt 
concentration 

·· meq/litre 

Observed 
concentration 

(mmhos/cm)' 

" .: ~ ~.' ' ~ ·. ·,. ----------------'-------'--·· .·~· ~-' ·->< ~-

NaCl 6 

9 

. 12 

. Na
2
so

4 6 

9 

12 

CaC1 2 6 

9 

12 

Mixture 
6 of 

salts 
9 

12 

60 

90 

120 

60 

90 

120 

60 

90 

120. 

60 

90 

120 

·I 

'. 
6.0 

8.6 

8.8 

12.2 

5.9 

8.7 

8.3 

12.3 

. ··}.' 

. . 

.. :: .. 



Salt 

Control.· 

NaCl 

6 ECe 

· 9 ECe 

12 ECe 

6 ECe 

9 ECe 

12 ECe 

6 ECe 

9 ECe 

12 ECe 

6 ECe 

9 ECe 

12 ECe· 

APPENDIX- IV 

Effect of different salts and their concentrations 
on the leaf diffusive resistance (sec/em) 

Days after transplanting 
Abaxial surface 

100 

3.22 

3.38 

3.83 

3~97 

120 

3.19 

3.32 

3.72 

3.81 

3.25 3.38 

3.53 

3.70 

3.35 

3.59 

3. 78 

3.31 

3'.72 .3.64 

3~92 3.80 

3 •12 3.15 

3.42 3.40 

3.70. 3.60 

140 

3.35 

3.76 

3.41 

3.59 

3.34 

3.69 

3.19 

3~45 

Adaxial surface 

160 100 120. ·. 1~0 ·. 16'b 

.. _. 
3.00 3.25 '<3.62 ·3.50. 

·. 

3.28 3.47 3.87 3.90 :3~66 

3 .51 .. 3 .68 
.. 

. ,,"t· 
4.61 '• 4~75 4:44··, 

3.73 4.80 . - ' 'i 

3.17 3.28 3.66 '3.68 3.51 
~ ... 

3.37 3.56 4 .1 7 ... 4 • 25 . 3 • 97 ,. ,. 

3.65. 4.53 r .. 

3.28 3.55 3.81 3.87; 3.78 
1 ' , ... 

3.58 

3.78 <:4.84 

r 

3.15' 3>22. 3~60 3.69 3.55 

3.26 •.:'3.48 3.98 4.18 4.06 

. 3.67 4.38 



STUDIES ON SALT TOLERANCE IN GUAVA 

'(Major Advisor: 

By 

· M.K. Kaul 

Dr .K.S .Chauhan, Professor & Head,Department 
of Horticulture, Haryana Agricultur<}l. 
University,Hissar. 

(An abstract of the dissertation presented in partial 
fulfilment of the requirements for the degree of Ph.D •• , 
Haryana Agricultural University,Hissar). · 

Studies were conducted on guava. (Psidium quajava L.) .. 
cv. Lucknow-49 (Sardar), grown under four differenb salts 
viz. NaCL Na2so4 ,. CaC1 2 and mixt.ure of these three salts, 
each at three conductivity levels. i.e·. 6, 9 and 12 mmhos/cm. 
Increasing salinity, with all the salts, progressively delayed, 

. as welLas reduced germination. Chloride salinity was more · 
injurious than sulphate salinity. Salinity depressed. the · . . . 
radical length, hypocotyl length and number of secondary roots.· 

,· • - • ' • • • • ' #'" ,· .:...( • ~-

Survival of transplanted plants decreased with increasing 
salinity levels. The plants did not survive at. 12 mmhosV'cm· · 

'conductivity, irrespective of salt, salinity suppressed the .. 
shoot and root growth. Chloride s"arinity was'.more suppressive· 
than·sulphate 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. 
The decrease in leaf water potential was mor.g-tu'iide.r .sulphate ·. 
salinity than under chloride salinity while reverse was true 
fox: leaf diffusive x:esistance. 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. Prol'ine .. 
content was high under chloride salinity whereas protein · .· _: .. · I 
content reduced under all the salts. Hydrolytic activity increased 
under salinity. Activity. of amylase and peroxidase increased ' · 
under all salts. Nucleic acid content also decreased particularly 
RNA content. The extent of reduction was more under chloride 
salinity. 

Nitrog.en content was more under salt stress.The 
contents·, of. ;p, K, Ca and Mg significantly decreased under 
salt stress',·, except Ca content which increased under 
CaCl 2 sal•inity .The specific injury due to accumulation of ' .. 
Na, Cl, SO 4 in toxic amounts, disturbed metabolism and · 
nutrient imbalance seems to be the main effects of salinity 
on guava plant. ·· 


