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Il\ 'l H(,I IJC1 It;l'o 

The exces:::. ive accuu.uldt1on of .sa lt in tht= r o ot zone of p l.. . ..t nt s 

is a problem wh ich i s wic.e.spreao in a re a , increasing iu magni tuL. e , 

a nd limiting in its effect upon ~rouuctivity. Accumul a tion of 

salt in the rhizosph~ re has an effe ct up on moi s ture avai l a bility 

for plant us e, t l1e nutr~tiondJ baJdnC~ of tl~e css~nt i al cl~mcnts, 

and cause3 a re uuction in plant s ro wth wi t:l toxicity often result

i n g . " hen p l a nts &ro~ on 5ubstratcs hi gh in sal t, the salt conte nt 

of t he p l a n t also increases . This u~L ake of salt o f t~n results in 

changes in the morphol ogy of t ile 1-<l a nt. Accumulation of salt with

in the plant cell s int e rf e r es " it h thL }JroloJ;l asmic aclivity. 

Some plants s urviv~ or pro~ ucc pr of it &L l t yi ~ l Lb un~er con 

Ditions tha t ca us e the ~c a th of other plant s . The r eason for t he ir 

5 urviv a l i s t he s ub ject of much intere s t ano re search. It has been 

observe(.! tha t t h i s survivdJ nu..~y be oue to one or severul c har acter

i st ics of t he p l a nt. T he Uftakc of sal t increases the osmotic 

pressure within t he p l a nt anu offsets the os motic pre ssure of t he 

salty s ubstrate thus preventing J.'hysiological drou&h t. Se lective 

absorbtion o f i ons a t tht r oo t s urfuce prevtnt , UJ take of ions 

in excess ive amounts. The plant may incorporate t he absorbea sal t 

into t h e nonprotopl ~srn i c s tr uctures of the p l unt . Chan6es in 

mor phology re cuce t iH. we:tt~r r e q uiru . ~..nt , or rtuuce tJl t! sult con -

CI.. ntra tion wi t t1 in the c~ 11 thr o ut)l i ncrc-ase t: succult: nc~, or t he 
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salt is exuoet.. throu gh SIJCCi ~l .:uwtomic,Jl structures. The plt.1nt 

l1us an inherent capacity of tf1c J . roto~luorn to rcs~&t the hurn,fuJ 

~ffects of the accumula t ed ions . Sult tol~rance, theref ore, i utplles 

the ability of th~ plant to :;urvive or 11rouuce by rc s i .~ t1nb tue 

ot hcr \\ise deleterious conc1i tious. 

Levitt (1956, 1' · 229) usc<- the tcru, "salt liaruiuess" but <-iO 

not define it. Jlow~ver, iu spt:akinb of frost, heat, anu uroug,ht 

h ardint.:sst he useo. t he ter111 11 huruiu~· ss 11 to ocnotc the ability of 

tl1e plant to s urvive an unfavoraLl c internal environment. Along 

this linet protoplaso1ic salt huru.lnts s coulu be oefineo as the 

ability of tht: prot.o!Jlas m to resist the efft:cts of salt accuruula 

tions within the cell. salt harClenin g UIC:lY be vefincCl a~ au incr~asc 

in sul t hardiness under cundit.10nb of salt uptake. Salt tolerar1ce 

v o e s not specify the .sourct.· of the rc.ttistunce. Salt haroiness 

specifies that it i s u protoplusn1ic resistance. HeiJP t ,.1cAllist(!r, 

and b iebe (1959) useo protoplasmic balt resi h tance to me a n ne~rly 

th'= samt! t n 1n~ . 

Snlt tol~ranct! r...1tir,g :., huve bc~n oet~rJJ~inea larg~ly through 

fi~lu stuoies on artifici ... tlly salin ize u tlots . S uch methods have 

the disau vantage of the time re q uire~ ano the facilities neccs~ary. 

In some plant s tl1cre is a rcl ationsl1i11 between the rc ti istancc of 

the protoplasm to excess salt accumulations within the cell and 

the salt tolera nce of the plant. r .. o tests, one a p las molytic 

test utilizing t.his resistance of th" !Jrolo!Jlasm ana the other a 

s t aining technique usi 11 g :! , J , 5-trlphcnyl-.:2H-tetraz oliuru chlorioe 

( wh ich s hall ue spoken of us TTC in thi s rcpor· t), have been 
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oevelopeo t o t!. ive ~u.l t t ol-.: r an ct> ratings . Howe ver, t o ua t e it has 

not been oe terru i neu i f t ht= J. ·r o t o }Jl~sn t of a J.. l a nt increast:s iu 

re sistan ce t o salt as the sa lt C:t ccumu ltate s wi t hi JJ t he cel l when 

the plant is gr ow i ng iu hit;h ~alt s ubstrate s . The me t h oos have 

been us ed on only a J iud tt:o numl.Jer of jJlant.s . 

The over - all purpo.sc of t .i s rtsearch was to n.ake a COHl!Ju.ri s on 

of the protoplasmic sul t hardin~ss of toma t o , barley , a na pe tunia 

when g rown in saline ana noJlsa linL s ubstrutes ana thus aetermine 

if sa lt tu.troenin g takt!s p l a ct: . Th~ rt"search was diviueu into tl,ree 

areas of inve s tigation: (l) comparison of the sal t tolera nce rating 

of t he three plants as ueterffiinc~ by plasmolysi b s tua i es and the TTC 

tes t with alreaoy establisheL fiul~ tolerance r at ings , ( 2 ) Determin

ation of the effect of the sal t concentration of the root substrate 

on the prot oplasmic sa lt rc s istunco: of the plant , ana (3) exami na tion 

of the effect of th" bal t conc<cntration of t he r oot h Ubstrutt< upon 

the valioi ty of t he salt tolt:ras,ce ratir1 g of a ]J lant as determineu 

by the p l asmolysis and TTC te s t s . 

If pl ant s oo manifest s~lt h~roenit1g , the ~lasmo lys i 6 unu 

TTC te sts for ratin g su l t tolert.~ncc mu~ t be carrieu out unuer 

spccifie~ c onditions for va li u re sult s . 
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Rl.VII:,I\ 0!" LIH.RA1 UIIE, 

Salt Tolerance Rutings 

The salt tolerance of a crujJ or !Jlunt as usee. by Hayward and 

"adleigh (1 949) ana Haywarc. anu Bt:rnstein (1958) may be appraised 

accoroinl!. to three cri tcria: (1) t he ability of th" crop to sur-

vive on sal ine soils , (2) the yielu of the crop on saline soils, 

and ( 3 ) the relative yiel" of the crop on a saline soil as com-

J..&red with its yielo on a nont:ia li llt... soil unuer similar growins 

conoitions. Muny of t l1c first oLstrvationb on ~ult tolcrunce were 

Lttseu on the criteria of the eiL.ility to sur vive; b ut tJ,i o iue thoO 

has lim.Lted practicctl :s1gnif1.cauce in irri~::.utJ..on a briculture. 

The thiro criteri..1 was useu Ly tht· Std inity Labor ato••y Staff 

(1954), P!J 55-68) in inve stigating th., salt tolerance of muny 

species an~ varietie s of cruv J l larlt ~ . This criteri u proviLes 

a better basi s of compurison dn,on~ Livtrse cro~s. In oetermining 

the salt toltran c e rutiue,, the sul i ni ty level at A' t:u.ch a 50 percent 

oecrease in yielo was oLserve~ as co1npHrLU to yi e ld~ on nonsaline 

soil unoer comparable gruwi1 1g condi tiu1 1S \!!'aS taken as the cri t~ria. 

The level of salinity was ex~resseL as the conductivity of the 

saturation extract at 25° C ( ~C ). 
e 

Barley was ~Si ven a r"lativc rat~ng of an ECe of 16 mmhos/cm 

(milli mhos per centime t ~r) by the Sal inity Laboratory S t aff (1954) . 

This i s the highest rat~n g given t o a fielu crop . Ayers , Dro..-n 



ano 1\adleigh (1952) fount. that b,rlcy was on~ of tl.e most su l t 

tolerant plants und prod uced g ruin sat1~fac torily at ECe values 

of 12-14 mmhos/ em prov ioeu salinity <.ur ing seedl in f, deve 1 opro~cn t 
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was in the range of 1-4 nuuhos/cm. If the sa linity level at ger

mination was as high as 9 mmho,/cm , thtn salinity of lL-14 rrunhos/cm 

in the later stages caused a serious decrease in yield of grain. 

Their "orlt showed that veget~t1v~ gro"tl1 ~nu s traw y ields we r~ 111UCil 

wore sensitive t o s ulinity than \vas grc.J.in productiott. 

Ali Khan (1956) usinb art•fici~lly sal inized solution 

cul ture s in the greeldlOusc f uuno that Uarley surv i veu a 9 a tuJos

J•here leve 1 of added salt. Til" bar 1 ey oio much better when the 

added salt was CaC1
2 

than whe" it was NaCl. It yielCled nearly 

us hi~;h when a 50:50 milliequivulcnt ration of NaCl a no cac1
2 

wa s used to make up the 9 atr.rosphert level. 

Tomato was g iven a rat1ng of an l:.Ce of 1 0 mmhos/cm by the 

Sal inity Laboratory Staff. This plucet. it at the top of the 

noedium sal t toleran t groUJ· · llay"ard """ Be rn r; tein (1958 ) r el'orteo 

a consiuerable amount of \~Ol' .. k on the s&:&lt tolt!rance of tomutocs 

"ith the concensus that the vegetable 1 s mooertttcly tolerant . Hay

ward ano Long (1943) worki1111 1.itll tomutoes using so lution-cultures 

founo that the height of s tt-ms """ fr~sh- uno dry- weight of 

tomato vines were reu.uce o as tltc concentration of the culture 

solution was increaseo. llaywaru uno Bernstein (1958 ) re J.. orteu that 

Yankovitch oetermined th a t the lct1wl oost for tor .. atoes was 

5 . 60 grams pe r killigram. 

Petunia was not rateu uy the Salinity Laboratory . 
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Salinized S ubstrate s for s~lt Tolerance St uuies 

In studying the effect of salt upon plant growth , it i s ue

sirablc to ha ve a root substrate that can be controlled. One of 

the major problems with artificially salinizeu soil i s that the 

di s t ribution of the salt wit h in the soil varies with t he movements 

of the moisture. The salt fll<iy be accumulated on the sur face of 

the soil by e vaporation or moveu to the bottom or out of the 

root zone by the downward movement of water. 

Sachs in 1860 successfully grew plants to ma turity using 

water as a substrate for t he root growth with the auueu chemicals 

which plants were kno"n to r.,quire at thut time. Since the pub

lica tion of Sachs' standard formula for growin1 plants in wa ter

cui ture , many other forn1ul as have been Ubeu with ouccess by in

ve s tiga tors in oifferent countries . Hoa11 land proposeu a formula 

in 1920 . It has been wiuely used sioce that time (Hoag lano ano 

Arnon , 1950, p. 6-7). Brayer ttno Hoaglanu (1943) were some of 

t he first to use solution-cultures in stuoying p lant growth as 

affected by salt. 

Ali Kha n (1956) used Uoaglanu's ~o. 1 solution as the base 

nutri en t sol ution for his studies on the growth anc nutrition of 

J-l a nts as affected by oifferent osmotic c on centra tion s of cac1
2 

and NaCl. He useo one solution as a c on trol anu auoea NaCl a nd 

CaCl 2 to the others in amounts sufficient to obtain the oc s ireo 

osmotic level in the nutrient so lution. Seven-day-ol d barley 

seedlings were trans ferreo t o g <:dlon - size !JOts whi c h contai i1 eo 

the nutrient solut ion . A one-week J.>Crlod ~·as alloweo for the 



seedlings to get starteu in t he nutrient b Olution after wn ich 

tiJalC thos e which were to rccciv~ the added salts were g iven the 

initial increment of l atmosph~re . Salt was aodeo suffici~nt to 

raise the concentration by l atmosJ·h<rc per oay until the desired 

level was reached. The volun1c of the solution , its pH , ano its 

concentration were periooically checked with th~ necessary 

adjustments being maoe. 

~tonk (1960) useo a solution-culture n:~tlloo simi l a r to that 

o! Ali Kahn's with s ome exceptions . Seedlings were transferreu 

to the s olution pots at tl.e time they wen: approximately three 

\\'eeks of age . The base nutrient tiOlution useu was Hoa 0 lanU's 

No. 2 at one-half strength. Th<: pit of the solution was adjusted 

to 6 . 0 by using 0 .1! sulfuric acid. All cultures were aerated . 

The pH was adjus ted every other day anu iron chel a te was adaeu. 

The plants were alloweo about tl~ee weeks to adjus t to tht new 

environment and then the salt treatr.u..nts wert: begun . Tht! time 

durin g which the salt trcat.r.c nts wer~ brought to th~ total con

centration was not r eportco. 
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Bernstein ano llaywuru (1938 ) in stuuyin!; the osmotic presoure 

of the roots ano le «ve s of scver«l pl.mts useo ,;and cultures 

with graded a dd iti ons of NaCl to the base nutrient s olution . 

~teasuring Protovlasmic Salt Hardiness 

Repp, Mc Allis ter, dn~ Diebe (1959) repartee that the exp•ri 

m~Jltal anu ecological investi gations of plants of sea coas t s , salt 

oeserts, ano salt stepec s sh ow that t!u: most i mportant phys iolog ical 

factor in salt tolerance is the salt rtbibtauce of the pr·otoplasw. 
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It is well establishc<.o t ha t J.ldnt::; gro~ in t:, on substrates high in 

salt have a l.ighc r sdl t content l h.:..a.n those g rowing unLt:r nonc;ctline 

conuition .l:S . Differtnt !:::l-1 ~c~c.s sl1ow oiffcr~JJC~ S in the r elativ e 

amounts of different ions accumulated as sh o"11 by Col l a nder ( 1 !;11), 

Plasmolysis Test 

\- ork has r e cently been aont on t lu..: re s istance of protoJ;lusn1 

to salt as a te s t for '-il l t tol~r.Juc£ . Correlation has bee n found 

to exist between tlw l e vel of "'"' lt 1\l•ich th~ plant cell wi ll to l 

erate a no t he over- all toleru1lce of tile ~ lant. The adva11ta Je of 

the physiology te s t s is that t hey re q uire less time t han t he fielu 

experiments such a,; descriLc.:. Ly the U. S . Salinity Labora tory s taff 

(1954, p . 66). 

Rep~ , McAlli s ter, ana ~ i~be (1959) u s ed a microscopic technique 

to de t ect the p lasmolysis of cells by a sli!;htly hy}Jertonic glucose 

solution following an cx~obure to salt at various levels. They 

used freehano tangential sec tion~ or thl: CJ..-iciern .i s auo several 

subadjacent ce l l layer:, of t he lower j.Ortions of t he s tem of plants 

growing in nonsc:l lint: s uiJ~trat(;. Tht- tis s u(; sections were }Jlaceo 

in the graded ~aCl solution b for 24 hours ano then tran~ferreu to 

slightly hypertonic sucres~ f or u~out 3 hour~. The sections were 

the n examineo for plasmolysis under the microscope . 

1'he appearance of norw.u l plctStholysi s wtts take n as an indication 

of life; whereas ce l ls in which there were slightly vi saLlc chan 0 es 

in structure, mainly an increa:::;e in granularity , but in wuich the 

plas ma mt.:mbrane s till J;osscsseu u siuooth coutour were cons iuerco 

slightly uamaged , Cell:; which fuilet. to J; L.ismolyze were c ons.iuered 



as dead. The molal su.i t c oncentration in which 50 percent or 

more ocau ce lls were obs~rved "~s considered the criticul concen

tration in relation to the salt rcsi ,; tai•Ce of the protoplasm . 
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It was pointed out that tht condition of the v "cuoL.11· membra ne 

must be investigated when studyin~ sal t ri..sistance of the proto 

}Jlasm. Thi s is bec d use the vucuolur u.enJbrane i s rr.ore r~ s istant 

to salt tlw.n the plasma u.uuUr...t.nc. In normul living c~ll s , the r~

lative ly cle ar cyt ovlasm complt:tely :;,urr ounas the shrunkl.n vacuole:. 

reath caust:u by salt gives the vacuole an ap} ... e..lra r.ce sihdlnr to 

that of a norm«lly plazmolyzt<- ceJ l except t ha t t n c cytoplasm 

apJienrb r .. uch ... ore gr~..tnular anu i .!:> more or le ss conccntratcu io 

clumps bordering the vacuolL. The v ac uolar mer brane may be en

tirely bare in places anc. as a result the ce ll may be mi s taken for 

normal, living , plasmolyze~..- cell cuutents. 

The results of the plasmolysi,; mcthoc. agreed with field 

stuoics , an correlation was founo to exist between the salt llard 

incss of the cells ano the Si.tlt toler ... ncc of the plants. 

Monk (1960) use<. the t cchniqu" as uevelOf-eU by Repp in stu<.yin g 

the resistance of the protoplasm as related to salt toler~ucc of 

ornamentals ano shrubs. He also uscu tissue from IJlants growing 

in nonsaline substr ette for t ht: test . Gooo correlation was found 

to exist between the ~lant species surviving in the artificially 

salanizeu field plots or the ,;alinizec. nutrient s olutions uno the 

salt hardiness of the cell i.IS d"termineo by the plasmolys i s t es t. 

The plusmolysis test h~s the disa<.vantage s of beinb teaious 

ana aaap t aLle to only ~l~nt s or portions of plant s oit h cells in 
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wloich plasmolysis c an be detecteo. 

TTC Test 

Because of the disadvan tages of the p l asmolys i s teat , Mo nk 

(1 1>60 ) t.leveloped a te st for sa lt lo .. ruiness us i ng the vital s t ain 

T'l'C ( 2,3 , 5-triphe nyl-2H-tetraz oli urn ch l oriue). S t ai ning was useu 

as a criteria o f undamaged ti ssue r a ther than p l asmolys i s . I n 

t h i s me t hou sampl es of the p l ant :;tcm were split long i tut.linal ly 

and p l aced in a series of vi a l s cou t u inin g gr a<. eo amounts of ?<aCl. 

lloag l a n o 1 s solution a t 0 .1 strength wus use o as t he base s olution. 

The salt tre a tment s covered the run ge from 0 .10 molar NaCl t o 1. 25 

mol ar NaCl in 0. 25 molar s teps. 

The stem se ctions we re ullowcu to remain in these solutions 

for 24 hours . After thi s p"riou the salt solutions were d e canteo 

and the s t em se ct ions rin seo once with tap water. Then enough 

l' . 05 percent TTC solution wa s adoed to euc h vial to cover the 

se ctions . They \Vere l ef t in the s e so lutions for 24 hourb . At 

the e nd of this pe ri o" they were exomineo for re d c olor ation o f 

the tiss ue . If the sections ap,, cured red or pink they were con

sioered to be a live . The hi ghest mo l a r concentration in which 

they were c on s i \lered a~ bein g alive was recorded. 

~lonk conop, red the results th..t t '"' obt.tineo fr om the T'l'C test 

with those which he obtaine d us ing the plasmol ysis t est and with 

the fi e l d or g reenhouse re s ult s . lie concluoed t ha t one me t hoo 

was as rLliable as t he other with t he TTC t e chnique being much 

eas i e r to apply anu l• ss ~iffi cul t to interpret. He a l so concluaed 

that salt tolerance seemed to be mani fest wb" n " ithcr of the te s t s 



inoicated viable tissue after l>eing "Xi ·Ose<l to 0. 75 molar or 

greater NaCl solutions. 
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Tl'C has been useu by wot·kers for several years as a vi tal 

stain. It was first prevare<l by rccltm.mn ano ~un~;e in Germany 

about 1894 (Suti th, 1951). It is a 11hite to pale yellow crys tal

line powder that darkens on exposure to li1,ht. It belong s to tile 

family of tetrazol es . 

Noller (1957, pp. 637-638) stutes tha t the rc<luction of tct

razoliwn salts t o the formaz an can IJc brought atout readily by 

various reagent s incluoing IJiol og ical systems . .ohen tissues a re 

treated with a tetra, olium salt , the coloreo insoluble formazan 

is oeposited at the site where rcouction is tru<ing place . 

Roberts (1950) surveye<J ti,;sucs of vascular plant,; that woul<l 

reduce TTC . He found that it uiffers from the maJority of the 

redox inaicators since, iu the reduced state , it forms au 

insoluble fornJaza.n ano the reaction is, therefore , irreversible . 

Small quantities g ive easily visiblt< rc,;o.lts uno the reaction is 

very sensitive . He report<«• thut it readily penetrates the muJority 

of plant tissues. Once the formuzan i.s formed it {.joes uot t.. iffuse 

from the cell nor oxi o izc back to a colorless state . 

Mattson , Jensen, an<l Dutcher (1947) conuucteo a preliminary 

survey of the usc of TTC. The reaction is listed as folloiVs. ( Se e 

top of next page). They conclucted that it •vas quite evi<lent 

that enzyme systems are res1onsiblc when t h i s reduction tukcs pluce 

in plant and animal matcriuls , since ti ssues heateo at 82° C or 

higher lose their ability to re~uc t the salt. They pos tul a te<! 

that it i s probable th~t the rcouction is caused by uchydrogcnuse 
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2 ,3,5-Triphenyl-ZH-tetrazolium Triphenylformazan 
chloride 

(colorle ss in s olution) (reo in solu tion) 

sys t ems re q uiring coenzy n.cs I or II. TTC has an apJ,arent redox 

)>oteniial of ab out - 0 . 01:! v ol i. Thus it i s possiLh for t h i s 

compouno to ac t as a n electron acceptor fr om many pyridi ne nucle -

otide dehydroge nases. They state d thai in all probability the 

reduction of these c omJJOunds 1Jy e nzyme s o f livinb cells C..tnnot 

be c onsidered a gene ral t est for life . r.everti>eless, the unus ual 

)Jroperties of the com)Jounu suggest th..at it mi ght be utili ze d in 

~any ty)Jes of bi o logi cal research involvin& uiffercnces in tiss ue 

viabi lity . 

Wa ugh (1948) surveyeu the re a cti on of TTC in s tem tissues 

anu concluded that t he upjlication will be of Vdlu~ in ueter111ining 

t he viability of tree s , shr uL s , an a cuttings . 

!loberts (1950) usee. free l•.tnu se ct<ons of vari ous ti ss ues of 

the !- l an t ana applied TTC oropwise t o the se ctions wh ich hau be<:n 

placed pre viously on a microscoye s lide . A cover glass was uao.ed 

and t he p r epar a t i ons a llowed to s tand for s evera l 111inutes until 

reduction had occurred . The results s howed t ha t reduction had 

t ake n place in apical , lateral , ano intercalary meri s t ems . Lu t eral 
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meristems active in reducin g t.:trazolium were found in many vascu

lar cambiums ano, in somt.: cust!S, in the cork cambium. In several 

Jlants certain zones in the cortex were fauna to be sites of re 

oucing act1vity. Since these zones are physiolo~ ically se J.>ar«teo 

from neighboring tissues by a ~re«t"r reducing power, there is the 

appearance of a cortical meri a tem. When TTC was used, strong 

reduction sites were found in tht' nodes an(l meristerus of leaves in 

monocots . Apart from this, Williams (1947) has reported a continued 

cell division in the cortex. 

Roberts made the observation that staining must be completeo 

and observed wit hin 24 hours because reduction by microorganisms 

after this period of time may obscure the initial staining. 

Bacterial reduction can bt readily identified since the tetrazolium 

sol ution itself is stained red. The se ctions stained by microbial 

activity are readily oistin~; ui sloable from t hose s t ained by react1ons 

within the tissue. 

In a survey of the factor.;. resJ.>onsible for reduction of TTC 

in plant m~ristems , Roberts (1951) concluded that it was hi~;hly 

probable that the dehyorogenase enzynoe systems are responsible 

for the oxidation of various substrates anu the concomitant reouc

tion of tetrazolium to fonnazan. He found the reducing agent to 

be heat liable but undanoageo by freezing. It seenos lik~ly that 

a general redox potential level, mAintained by the operation of 

several physiologically active systems , bri 11 gs about the reduction 

of TTC. 

There is, however, a divers ity of opinion as to the enzymes or 

groups of enzymes responsible for the reduction of TTC. ~1attson, 



Jensen, and Du t cher (1 947) , Kun ana AL ood (1 949) , and J ens en , 

Sacks , a nd Baldauski (1 951) have shown dehydrogenateD I::PN or 
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TPN to be necessary for the: reduction to t ake pla ce. Broui e and 

Gots (1 951) us ing highly purified lactic dehydrogenase, glycerol 

dehydrogenas e, anu phosphoglyceraldehyde dehydrogenase g ot re

duction of DPN but n ot of TTC. Shelton and Schneider (1951) got 

no re d uction of tetrazolium violet Ly lactic oehydrogenase or by 

alcohol dehydrogenase. It is jJOSsible that the use of i mpure 

enzymes in some investigations has caused the conflicting re s ults. 

Polarographic studies by Jarubor (1954) have shou~ tha t, in 

media of pH lower t han 6, the reduction o f TTC yields c h iefly a 

colorless product. In more alkaline s olutions tht reduction 

forms the red forrnazan. In s trongly a lkaline medium, T'l'C i s 

reduced spontaneously without the ac tion of light or a ny reuucing 

agent . 

Another i mporta nt point to be cons idered is the influe nce of 

light on the enzymatic ano nonenzymatic r e ouct i on of TTC. Jambor 

states that both type s of reduction tak., place only in light; 

there is no reddening in darkness , excevt nonenz ymatic reduction 

in s tr ongly alkaline s olution. These results clearly sh ow that the 

conditions must be carefully controlleo when TTC i s useo for 

q uan tita tive experimen t s . 

Mattson , Jensen, anu Dutcher (1947) found t hat many other 

viable materials , in addition t o s eeds ano yeast , reduce neutral 

solutions of tetrazolium s<>l t : the fleshy parts of apples , orange s , 

a no grapes ; the fill areu. of mushrooJJtS; carrot roots; white anu 

s weet pot atoes; young leaves ; t he s ti gn.CJ.s anu ovari es of c e rtain 
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pollinated flowers, bull spermatozoa, a nd the blastoder~ of hen's 

eggs. They stated that t he use of TI'C should have a distinct 

advantage over many indicators as a viability test, since it is 

one of the comparatively few organic compounds that is colored in 

the reduced state. 

Brown (1954) studied the reduction of TTC in plant tiss ue as 

influenced by mineral nutrition. Corn, wheat, anu cocklebur were 

grown in soils deficient in various minerals. When the pla nts 

reached early maturity, they were removed from the soil and 

immediately the cut ends or r oots of the intact plants were placed 

in a brown bottle containing 0.5 percent TTC solution. The upward 

movement of the dye within the plant was observed by the presence 

of the red formazan. After the dye had reached the leaf tips, 

the stalks were cut open to <>e teroline to what extent ana where 

TTC had been reduced. The reduction of TTC in corn ana wheat 

plants could better be correlated with copper than with iron 

nutrition. In addition it was observed that the nooes of corn 

and barley stained whereas the internodes stained very little. 

Reduction of the compound seemed to be greatest in the meristem

atic regions. As corn ano wheat advanced in maturity, the older 

nodes stained less. 

Gall (1948) used tetrazolium salt to estimate the reducing 

activity of bean tissue cultured in the plant growth substw1ce 

2,4-dichlorphenoxyacetic acio. Pratt, Dufrenoy, ano Pickering 

(1948) found it a valuable reagent in studies of cellular physiology. 

Gunz (1949) reported reduction of TTC by fresh brewers yeast; he 

also obtained reduction with a cell-free yeast extract, but heating 
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the yeast or the extract to 60° C inhibited t he re a ction. 

Parke r (1953) , re por ting on some applications and limitations 

ot TTC, s t ate d tha t a TTC soluti on with a pH of 7. 8 to 8.4 gave 

the be s t results . Roberts (1 951) r epor t e o the approximate op timum 

pH to be from 6.5 to 7.5 for tetrazolium reauction in normal tiss ues. 

Monk (1960) found that a 0 .1 per c .,nt s olution produced t he best 

results for ti ssues from vari o us woody species of plant s , and t ha t 

a 0 .05 percent s olution proved best for tiss ues from he rba ceous 

plan t s . 

In summary the r eview of lihra ture indica te s that barley , 

tomat o , and petunia are al l q uite salt tolerant, as s hown by fi e l d 

tria ls a nd greenhouse result s . The p lasmolysis and T'l'C te s ts have 

been used on petunia but no t on toma t o or ba rley. 

In the plasmolysis ano TTC te s t s . that have be e n conducted, 

tiss ue samples from pl a nts growing in nonsa line s ubs trates we re 

used. There is, therefore, no information on the sal t hardenin g of 

plants growing in saline s ubs trates . 

A water-culture so lution can be us eu t o & OOO advantage in 

s tudying the physiological effects of s alt upon protoplasmic salt 

hardiness . 

There are limitations t o the use o f the plasmolysi s test since 

it depends up on the detection of p l asm olysis of t he ce ll con t ents. 

Salt injured cells c a n be mis t aken f or plasmolyze d ce l ls, ana the 

cells o f s ome p lants are too smal l for detection of plasmolysis . 
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The TTC te s t bas advantages over the p l asmolysis test since 

it is not so tedious and the results a re less au•biguous . Howe ver, 

certain definite precautions must be maintained in the use of TTC 

for valid results. 
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t:XPERHI!,NTAL PROCEDURL 

Growth of Plants 

The experiments rel'orted herein were conducted between July 1 , 

1960, and May I , 1961 in the greenhouse at Utah S t ate University, 

Logan, Utah. It was equiJJveo for solution- culture methods ana 

provided a means of continuing th~ txperimtnts ourin~ colo weather . 

~·ive -gallon tanks were usea for the culture - solution contain

ers, f ,ach tank was made !rora a fivc-gullon, tined honey cun by 

laying the can on its siuc uno cutting out the top side to form 

a lid.. Holes were cut in tht.· l io to accommodute the split corks 

which were used to bolo the seeolings in 1:lace when they were 

trans)Jlant e d to the tank,. (fi g ure 1) . Two tubes, one-half inch 

in aiamet.er and one inch in len g th , wt:re soluere<.1 in holes r;hich 

were cut in the hanule CliO of the tank, The tubes were used for 

filling ana ora.ining tile tttnhs. The tanks anu lias were &iven 

two coats of black, water-tank IJ<Iint to ~' revcnt tin toxicity ana 

rust. 

Several strands of cord were wraJ>peo arouno each enu of the 

tank to serve as a SU J- port for the liu which was placea on these 

strings and t u peo in place. Two gas uiffusing stones were peoviued 

to each tank and attached to an air bUp~ly for aeration purposes, 

A section of five-ei ghts inch rubber tubing t~o inches in lcn~ th 

was attacheo to the inlet tuu<: un~ a screw clam1, was used to close 



Figure 1. Five-gallon culture solution tank made from h oney 
can showing the inlet and overflow tubes on the 
handle end, stone bubbler, lid with holes for split 
corks, ano funnel bucket on stana attached to inlet 
tube for purposes of filling tank. 
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the tube. A funnel bucket supported on a stand (figure 1) was 

used to fill the tanks. 
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Barley, Hordeum vulgare L. Var. Bonneville, was selected as 

one of the crops because of its high salt tolerance and impor t ance 

in agriculture. Tomato, Lycopersicon esculentum Hill. var. V. F. 

Rutgers, was selected because of its medium-high salt tolerance 

and adaptability to greenhouse culture. Petunia, Petunia hybrida 

Vilm. Var. Mixeo, was selected because it was used by Monk (1960) 

in salt hardiness studies and would tl.us serve as a check for this 

investigation. 

The seeds were treateo with Ccrasan or Aresan and were ger

minated in flats containing a horticultural grao.e veroui culi te. 

The flats were watered with tap water who:n neeoeo. After the 

seedlings were one week old, they were watered twice a week with 

culture -solut i on. The seedlings were transferred to culture

solution tanks when the roots were of sufficient length to reach 

into the solution . Three t anks of towato wi t h 11 plants per tank, 

three tanks of petunia with 11 plants per tank, and three tanks 

of barley with 24 plants per tunk were used. 

Ea ch of the tanks contained 16 liters of Hoaglano's No . 2 

s olution, one-half strength (Hoaglano uno Arnon, 1950). Table 

1 gives the recommended formula and the concentrations of the 

chemicals in the culture-solution. This was used as a guide in 

calculating the concentration of the stock solutions as they were 

used in this experiment (table 2 ). 

The nutri e nt solution was )Jrepareo in a 55-gallon polyethylene 

barrel. At weekly interval s tho: old soluti on was drained from the 



Table 1. Recommended formula for the preparation of a culture
solution showing the re s ultant concent r a tion of the 
compounas in th~ root substrate

8 

Ml of stock 
Stock solution per Culture-
solution liter of solution 

Compound ( gm/ 1) culture-solution (ppm) 

KN03 
101.10 6 606.6 

Ca(N0
3

) 2 .4H
2
o 236 .16 4 944 . 8 

~lg,:<;J4 • 7H20 246.49 2 493.0 

NH4 H2Po4 
115. 04 115. 0 

Che late 330 55.00 0 .1 5 . 5 

~ linor elements 

H3 Bo3 
2.86 2 .9 

MnCl 2 .4H 20 1. 81 1.8 

ZnS04 
0. 22 0 . 22 

cuso4 .5H 2o 0.08 0 . 08 

H2~t o04 . H20 0.02 0.02 
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alloagl a nd 1 s Solution No . 2 (Hoag land ana Arnon, 1950 1 p. 31). 



Table 2 . Volume of stock so lution ust!<l in making up one-half 
stre ngth Hoag lanu ' s No. 2 culture- s olution with the 
resultant concen tra tion of the respe ctive compounds 
in th" culture - s olution 

Ml of stock 
Stock solution per Culture-
solution liter culture- s olution 

Compound (gm/1) solution ( ppm) 

KNO_ 159 . 20 2 318.4 
,) 

Ca(N03 ) 2 .4H20 474 . 20 474.2 

MgS04 .7H2o 246.50 246 . 5 

NH4 H2Po4 
57.50 57 . 5 

Chelate 330 2.75 2 .75 

Minor e lements 

H3Bo3 1.43 1.43 

~fnCl 2 . 4H 20 0 . 90 0 . 90 

ZnS04 
0.11 0 .11 

CuS04 . 5H 20 0.04 0 . 04 

H2Mo0 4 . H20 0 . 01 0 . 0 1 
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tanks ano replacec. with new sol ution. Twice weekly the s olution 

was urainetl from each of the tanks 1nto a graouate<l bucket . 

Tap water was added to Lring the solution to 16 liters and the pH 

was adj usted to 6 . 0 using 1.0 N 11 2so
4 

or 1.0 N 1\aOIJ . Only rarely 

wa~ the pH below 6.0 before aujustmcnt. At t h is time 20 milliliters 

of iron chelate solution (2,750 ppm chel a te) was anue<. to each 

solution. 

The plants were given three v.eeks to aujust to the culture-

solution ano start growth before the salt treatments were begun . 

The salt was aoded to the new solutio~ at the time it was drawn 

from the polyethylene barrel for the respective tanks. 

Sin c e it was desireu to stuoy the effect of saline s ubstrates 

upon the salt har ainess of the protoplasm, u level of salinity 

was selected for each of the pla.nts near the maximum unoer which 

they woulu still grow anu proc.uce. A 1:1 ration of 1\aCl anu cac1 2 

on a me/1 (milliequivale n t pe r liter) basis was useo to gi ve the 

desired salinity levels, the combination bei~& used to preve nt as 

much as possible specific ion ano toxic ion effects. 

The maximum salinity level was calculateu us in g USDA llanubook 

60 (U . S . Salinity Laboratory S t a ff , 1 054). Tonwtoes are listed 

3 
with a salt toleran ce rating of F.CeXlO =10. Reference to figure 

6 , page Hi , of the hanob ook shows that a con<luctivity of 10 nuuhos/cm 

is equivalent to an osmotic prcsbure of the saturation extract of 

3 . 8 atmospheres . The hanubook st a tes (p. 17) that the osmotic 

pressut•e of the soil s olution at the u ppe r limit of the fielu-

moisture range will be approxi mat.,ly double the value of the 

saturation extract . This g ive s an osmotic press ure o f' 7 . 2 atn.ospheres . 
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To be on the safe siue, 6 . o atn>ospheres was chosen as the 

upper limit for the substrate treatm~nt with tomatoes. The tables 

on osmotic pressures for vari ous salts at g iven conductivities or 

concentrations were usea to con vert the os>notic pressure to me/1. 

Reference to figure 5 of tht< hanubook shows that 6.0 atmospheres of 

NaCl gives a conductivity of 15 mmhos/cm and 6.0 atmospheres of 

cac1
2 

gives a conductivity of 20 Jrunhos/CII•. For a conauctivity of 

15 llUIIhos/cm, fi g ure 2 gives a concentration of 140 me NaC1/1 and 

for a conductivity of 20 mmhos/cm, a concentration of 210 me 

CaC1
2
/l. Using the lower val ue of 140 me/1 ana rounuing up to 

150 me/1 gives a 1:1 ratio of 75 me/1 of NaCl pl us 75 me/1 of 

Cac1
2

• This is equivalt:nt to 4. 38 g ran>s NaCl/1 plus 5.51 grams 

CaCl 2 .2H20/l. Using these values ano calculating back to the 

osmotic pressure in the reverse oroer of aLove gives a value of 

5,4 atmospheres. Using a base culture solution with an osmotic 

pressure or 0,5 atmospheres gives a total pres ~ ure of 5,9 atruospheres. 

The same procedure was usea to arrive at the maximum salt 

levels for barley ana petunia. The salt tolerance rating of 

ECeX10
3
:16 was useu for barley, giving a concentration of 100 me 

cacl 2/l plus 100 me NaCl/1 which is equivalent to an osmotic 

pressure of 8,0 atmospheres. The maximWI> salt level chosen for 

petunia was 90 me NaCl/1 plus 90 me CaC1
2
/l which is equivalent 

to an osmotic pressure of 6 .4 atmospheres. The calculations of 

the maximWD values for all three p lant s are tabulated ana shown 

in table 3. 

One tank of each of the plants served as a control. The salt 

level of one tank was increaseo g raouet lly over a tour-week period. 



Table 3. Amount o f salt 
conce n trations 

Concen-
tration 

Salt (me/1 ) 

NaCl 7 5 
CaC1 2 . 2H 2o 75 

T55 

J'>aCl 90 
CaC12 . 2H 20 90 

IiiO 

NaCl 100 
cac1 2 .211 2o 100 

200 

use a in formulation of maximum 
for substra t e 

Conouc-
tivity 

a 

(mmho.s / crn) 

~ 

8 .0 
7.8 

~ 

9 .7 
9 . 2 

Barley 

10 .1 
10.1 

treatments 

Osmotic 
b pressure 

(atm) 

3 .10 
2. 25 
5 . 35 

3 . 80 
2 .60 
6.40 

4.10 
3 . 90 
8 . 00 

a 

Gm salt 
per 
liter 

4.38 
5.51 

5 . 26 
6.62 

5 . 84 
7.35 

25 

Gm salt 
per 
16 liter 

70. 2 
8t! . 2 

84 . 2 
1 05 . 9 

93 . 5 
117.7 

~ased on fi gure 2, p . 10 USDA Hanobook 60 (U.S. Salinity 
Laboratory St a ff, 1 954). 

blbid ., figure 5, p . 14. 
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Two weeks after the first increm<:nt of salt was added to this 

tank, the tota l amount wus added all at one time to the thiro tank. 

The ~radual versus the rapid aduition was maue to study the effect 

of each u p on the salt hardiness of the plants. 

The three substrate treatments given to each of the three 

types of plants used gave a total of nin~ treatments. The treat-

menta were designated usin~ T for tomato, P for petunia, ana B for 

barley with the substrate treatments as a subscript. The nine 

treatme nts were: 

Tomato: 

T1 • Control--culture-solution only. 

T2 • Gradual auoition of sal t--culture-solution plus 

75 me NaCl/1 pl us 75 me cacl
2
/l addeo aver a four

week period. 

T3 • napid adoition of sal t--Same as T
2 

except salt auoed 

all at one time. 

Petunia: 

P1 • Control--culture-solution only. 

P 2 • Grauual udoition of salt --culture - solution pl us 

90 me NaCl/1 plus 90 n•e CaC1 2/l adoed over a four

week periou. 

P3 • Rupia aaaition of salt--Sawe as P
2 

except salt adaed 

all at one time . 

Barley: 

B1 • Control --culture-soluti on only. 

B
2

• Gradual adoi ti on of salt--culture sol uti on plus 

100 me NaCl/1 plus 100 mt CaC1 2/l added over a four-
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week perioa. 

B
3

• Rapiu ad~ition of salt--sam~ as B2 except salt added 

all at one time. 

At the time the substrate s olutions were changed each week; 

samples were taken of the ola and of the new solutions from each 

of the tanks. The e lectrica l conductivity of the sample s was 

determined using a conductivity cell un~ resistance bridge. The 

cond uctivity va lue s were used i n estimating t he osmotic press ure 

of the respe c t ive s ubstrate solutions . 

Two sets of plants were grown ouring the course of t his 

investigation. The first plantinss were made in July , 1960 , und 

were discontinued i n Nov.,n1ber. The second J.lantings were made 

in December and discontinueo in April , 1961. The second set of 

petunias were transplanted into gallon jugs rather than the 

tanks. Three plants were placed i n each jug ana t wo jugs were 

used for each trea tment gi vin g a tot a l of six jugs. 

Salt Hardiness Studies 

TTC Test 

Solutions of NaCl from 0 . 0 to 1.25 molar in 0 . 05 molar steps, 

and from 1.30 to 2 .00 molar in 0 .10 molar steps , were prepared 

us ing 0 .1 strength Hoag land's No. ~ s olution as a base. Five 

milliliters of the desired solutions were placed in 10-ml vials 

at the time the te s t was made. 

Three weeks after the root substrates in the tanks had been 

brought to the maximum salt level, s tem-se ction samples wer e taken 

for the TTC test. One s tem section was p laced in each of the vials 



and a cotton pl ug was inscrteo. The sampl es were left in the 

vials for varying amounts of time . In the method that was used 

during mos t of this investigation, the salt solution was then 

drawn off using a glass jet tube attached to an aspirator. The 

samples were then rinse<l in the vials by aooing tap water a t 

room temperature . Following this, 5.0 ml of 0 . 05 percent T'l'C 

( 2 , 3,5-triphenyl-~1-tetrazolium chlorioe), which had been made 

up using 0 .1 strength Hoa~lano•s No . 2 solution, was added to 

each vial. The via l s w"re restoppered and placeci in a dark 
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place for 24 hours. The intensity of the red staining a t the end 

of the 24-hour pcrioo was a measure of the reuucing activity of 

t he tissue. The intensi ty of staining was examined by pouring 

the s olution and samp le from t he vials into a 10-incb porcelain 

ex tracting funnel . The filter paper in the f unnel was sectioned 

so that " whole series of samples could be placed in t he funne l 

at one time and the intensity of staining compared. Figure 2 

shows the apparatus. 

The intensity and chara cteristi c s of. the staining were 

recorded. The point at which the bre a test decrease in the in

t ensity of staining occurt·ed from one sample to the next was 

recorded . The point at which staining ceased was also recorded. 

For each of the various pl ants in quest ion, several trial runs 

had to be made in e s tabli shing a ran ge of salt concentrations 

that would bracket tht staining of the tissue. A.fter the r ange 

was established, several determinations were made and the results 

of one trial were photographed. 
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Time s tudies wer£ made for each of the plants to de tet·mine 

the optimum amount of tim< to l ea ve the s tem se c ti ons in the sal t 

s olution before the aoo ition of the TTC s olution. Severa l ty]Jes 

of stem section sampl es a nu various parts of the s tem of each of 

the three plants in q ue s tion were useo in preliminary stuoies to 

determine wh ich were satisfactory . 

Towards the end of this inve s tiga tion, a secona method was 

tried. The samples were tr~atea as before except that when the 

salt s olution was drawn off, tht- samples were n ot rinsea and a 

0 . 05 percent TTC solution containin!!. t ht respective c oncentration 

of NaCl was added. Thus the samples were kept in a salt s olution 

during the sta ining perioo of 24 hours i n aduition to the initial 

peri od of 24 hours. It wa s f e lt that this woulo eliminate osmotic 

shock which was a possibility of the first w~th oa where the sampl es 

were taken from t he salt solution with a relative ly high os motic 

pres s ure to the TTC s olution with a much lower os motic press ure. 

Plasmolysis Test 

The plasmolysis test as de vel opeo by Repp , ~!CAllister, and 

\Iiebe (1959) and a s us ea by ~fonk (1960) for determining salt hard

iness of the protop lasm was useo with s ome mouifications in t his 

investigation . Preliminary st udies indicated tha t observati on of 

the tissue after t a king it from the •.acrose s olution d i u n ot give 

the f ull s tory on the p lasmolysis of the c e lls . For this reas on, 

the tiss ue was examined under the mi c roscope before and after 

being transferred from th" salt so lution to the s ucrose s olution. 

Three weeks after the root s ubstrates i n the s olution-
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culture t a nks had been brought t o the maximum s alt l e ve l, the 

p lasmolys i s s tua y was initi a t e d. Free ha n o , t a ngentia l sections 

o f the epidermi s of t he lower portion of the stem of toma to and 

petunia and o f the she a th of barley were made us ing a s harp razor 

blade . These sections conta ined s ubaajacent chlorenchyma cells 

a s we ll as the nonchlorophyll epidermal cells. The very t h in 

tiss ue sections were transferred fr om the razor blade into a 

petri di s h containing nutri e nt s olution by dipping the blade 

into the s olution. When an adequate number had be e n cut, a p

proximately 10 sections each were trans ferred to a s er i e s o f 10-ml 

vi a ls containing 5-ml each of graoea c once ntrations of NaCl 

solution. The via ls were stoppered with cotton plugs and set 

a s ide for 2 4 hours. 

As soon as this haa been done, an investigation of t he o.,;m otic 

c oncentration of the ti ss ue oecti on s was be gun. Sections of 

tissue were transferred from the petr i oi s h to a series of mic

roscope s lides containing t wo dro ps o f graded concentrations of 

NaCl and a serie s con taini ng graded concentrations of sucr os e. 

NaCl solutions from 0.1 5 molar to 1. 0 molar in 0 .05 molar s teps 

and s ucrose solutions from 0. ~5 a1ol a r t o 1.0 mol a r in 0.05 molar 

s t e ps were use d . Te n s lide s were prepared at a time . As soon as 

t he tenth was prepare d , the fir s t was examineo for plasmolys is. 

The point a t wh ich in c i JO i c nt pl asmolys i s oc c urred was recorded. 

At the end of the 24-hour pe r iod, two additional set s of vials 

corresponding to the ones conta inin g the salt s olutions were 

prepared. Ta p water was added to th~ one set and 1.0 molar s ucrose 
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was added to the o t her set . A few sections of tissue were trans

ferred from each of the sa lt solution vial s t o t he water via ls and 

t he s ugar vial s . The cell s in the s ugar s olution were g ive n one 

hour to plasmolyze be f ore b~inb examined . 

The tissue sections in the salt ,;elutions were examined unoe r 

the li ght microscope a t the entl of t he 24-hour pe rioa. The 

micr oscope s lioe s we r e prepared by placing t wo drops of the re spe ct

ive salt s oluti on on the s lide a nd the n p l acing t wo sections of the 

tissue on the s lide . A cover g lass was added, t he sl i de identified , 

and examined under the micros c ope . A recoro was maae of the con

d ition o f the cells . The type ana de.,.ree of p l asmolysis , i f present, 

was obs erved and r ecoroeu. Th e point at ,,hich there was a marked 

d if f erence in the appearcn ce of t he cell s from one salt l e ve l to 

t he next was recorded . No t a tions we r e maae on t he granularity of 

t he cytoplasm, the smoothness of the e ctaplas t, the clumping of 

the c hloroplasts , t he presence or absence of cytoplas mic s treami n g , 

and t he str anding of cyt opl asm t hrough t he va c uole . The ab ility 

of t he cel l s to deplasmolyzc was examineu by placing a few ur ops 

of water a t t he edge of t he cover g lass while t he slioe was unde r 

t he microscope . 

The ti ss ue sections which had Leen transferred t o the via ls 

containing t ap wat er were examinee for cvia ence of depla~;molysis . 

At the end of a n hour , the tiss ue sections which had been 

transferred from t he salt solutions to the vi a l s con t a ining the 

1.0 molar s ucros e wer e examinee. Any increase in p l asmolys i s by 

the sucrose over that by th~ salt was no ted ana recorded . The 

ability of the ce ll s to ue p l asmol yze was c heckea by the same 
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ruet h oo as ment i oned above. 

Se veral trial runs were requi retl to es t abl i s h a r ange of salt 

concentrations tha t would bracke t the range o f plasmolysis . As 

s oon as the r a n g e was established , the procedure was reJJeated 

severa l times to establish mean value s ana the results of one 

trial were photographe d in color a na in black and white us in& a 

photomicros cope . 
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RESULTS AND DISCUSSION 

Growth of Plants 

At the time the substrate treatments were be gun, all plants 

of the same species were of the same size ana making luxuriant 

growth. All control plants , substrate treatment No. 1, continued 

to make growth uuring the entire time of the experiment, and in 

all cases the growth of the control plants was much greater than 

that of the plants growing in the salt substrate. 

Two of the petunitt tanks which were used for the t~<o salt 

substrate treatments de veloped leaks early in the experiment. In 

the repair of the leaks, toxic compounds were evidently introduced 

into the tanks which caused " reduction in the growth of the plants , 

For this reason the salt treatments were not initiated in the 

first set of petunia plants and the second set of petunias was 

tra nsplanted into gallon- size jugs. 

As a whole, the tanks were much n10re satisfactory to use 

and were more efficient than the jugs. It was relatively easy 

to construct mechanical suppo•·t for the plants with the tanks. 

Within a week after the initiation of the gradual addition of 

salt, substrate treatmen t No. 2 , the difference in the rate of 

growth of these plants and t h os e of the control was noticeable. 

At the end of the fourth week, after ull four increraents of salt 

bad be en added, the oifference was q uite pronounced but the pl a nts 
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aid s urvive and continuLo to make growth . All tomato uno petunia 

plants receiving the graou~l aooition of salt s urviveo; however, 

only 50 percent of the barley plants which rece ived the tre atme nt 

lived to maturity. 

Substrate treat•ncn t No. 3, the rapio addition of sal t was 

initia ted two weeks followin g the initiation of trea t me nt No. 2 . 

For this reason the plants of treatm<nt No. 3 were larger when 

they received t he salt treatro1cnt than were the plants of treatment 

No . 2 when they receiveu the fir s t increment of salt . This uif

ference in size was pronounceo for ntarly six weeks , but after 

that time the difference was not noticeab le except in t he case 

of barley. Approximately 70 percen t of the barl e y plants receiv

ing tht: rapio adoition of salt liveu to maturity ; whereas, only 

50 percent of those receiving the graoual addition of salt lived 

to ma turity. This I s in agreeme nt with the fino ings of Ayers 

(1952) on the sensitivity of barley seedlings to salt . 

Within five minutes of the tio•e that the r a pid adaition of 

salt was initia ted on tomatoes, t ile p lants had lost turg or. The 

wilting reached a maximwn afte1· 30 minutes. However , at the end 

of 36 hours, all of the tomato p lants hao re ga ined turg or though 

some of the very youngest lt:ave s uiu not regain turg or ana e vent

ually d i ed. The same t hing was obst:rvco when the rap iu treatment 

.,·as initia ted on petunia. In this case ; however, all leaves aid 

rega in turgor after a 48-hour periou . \V he n the treatment was g iven 

to barley there was no cvioence of wilting. 

The petunia plants with salt in the s ubstra te cevelopcd 

morphological cha n ge s very characteris tic of plants growing 
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under saline conditions . The leaves hao a thick waxy a pveurence 

and were dark blue-gre e n in color. The internodes were much 

shorter than those of the control plants . This chara cte ri s tic 

was not so noticeable in th~ case of the tomato a nu barl e y plant s . 

However, the tomato plants rcceivin t; the salt treatme nt were u.uch 

wore brittle ana not ne at·ly s o erect in growth habit a s t u ose of 

the contr ol. Fi g ures 3 through 8 :show the plants prior to the 

initi a tion of the substrat e trL a trncnts an~ t~ o months l a t e r. 

It was observeo after cutting o;t<:n• swuvles from tomato j:-lants 

that the control plants would s e nd out new growth; whereas, the 

p lant s growing in salt "'ould not, even though several nodes may have 

been left. In these plants the existing leaves oied and event-

ually the whole plant uied. The same situation was also observeo 

with barley. Petunia, however, would initiate regrowth in all 

treatments. In general, all of the plant s receivin ~; the salt 

substrate treatment seemed to lack the vigor of the control plants. 

Table 4 gives the results of the conductivity determinations 

made on the new anu old solutions each week. The conductivity is 

expressed in mmhos/cm (EC Xl0
3

). Each value listed is the mean 
e 

of all the values obtained for the respective solutions over the 

course of the experiment. The conuuctivity values were used to 

calcula te the osmotic J.;res s urc (O.r.) of the solutions using 

figure 5, page 15, of USD A llanobook 60 (U.S. Salinity Laboratory 

Staff, 1954) which gives the relation between the conductivity 

and osmotic pressure of the soil solution. The results obtained 

for the plants of the two planting dates are listeo separately. 



Figure 3. Conoition of tomato plants on January 10, 1961, 
prior to the initiation of substrate salt treatments. 

Figure 4. Condition of tomato plants on March 1, 1961, showing 
effect of substrate treatments (NaCl plus cacl

2
) on 

growth. (1) Control; (2) treatment T
2

, 150 me salt 
per liter; (3) treatment T

3
, 150 me salt per liter. 
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Figure 5. Condition of petunia plants on January 10 9 1961, 
two months after initiation of substrate treatments. 
(1) Control; (2) treatment P2 • 180 me salt per liter; 
(3) treatment P3 , 180 me salt per liter. 

Figure 6. Condition of petunia plants on March 1, 1961, showing 
effect of substrate treatments (NaCl plus cacl

2
) on 

growth. (1) Control; (2) treatment P , 180 me salt 
per liter; (3) treatm~nt P

3
, 180 me silt per liter. 
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Figure 7. Condition of barley plants on January 10, 1961; two 
weeks prior to the initiation of substrate sale 
treatment. 

Figure 8. Condition of barley plants on March 1, 1961, showing 
effect of substrate treatments (NaCl plus cacl2 ) on 
growth. (1) Control; (2) treatment B

2
, 200 me salt 

per liter; (3) treatment a
3

, 200 me salt per liter. 

39 
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Table 4. Mean conductivitie s ana c alculated osmotic pressure 
values of the culture-solution for a ll substra te 
treatment s for new solutions anu for th" same s olutions 
at the end of one week (olo) 

Planting 

First 

~03 
e 

P .
8

(atm) 

Secona 

EC Xl0
3 

e 
0. P. (atm) 

First 

~03 
e 

0 . P . (atm) 

Second 

~3 
e 

0. P. (atm) 

Second 

~3 
e 

0. P. (atm) 

Control 

New 

1.5 

0.5 

1. 5 

0.5 

1.5 

0.5 

1.5 

0 . 5 

1.4 

0.5 

1.7 

0.6 

Old 

1.8 

0.6 

4.3 

1. 5 

2 .1 

0.7 

1.8 

0 .6 

1.5 

0.5 

2.6 

0 . 9 

Substrate treatment 

Graoual salt 

New 

16.1 

6 . 4 

15. 4 

6 .1 

~b 

19. 2 

7.7 

17.7 

7.0 

20.6 

8 .3 

1 9 . 8 

8 . 0 

Old 

19.6 

7.9 

17.9 

7. 2 

21.2 

8 .6 

18 .1 

7. 2 

20.4 

tl . 2 

20.7 

8 . 4 

Rapid salt 

New 

16.0 

6.4 

15 .4 

6.1 

19.9 

8 .1 

18 .7 

7.5 

Old 

18.3 

7.3 

16.9 

6.9 

20.9 

8 .5 

19.4 

7.8 

aOsmotic press ure calcul a ted from EC x1o3 va lues using figure 
6, p. 15 USDA Hanubook 60 (U. S . Sal!nity Laboratory Staff, 
1954) 

bThe conductivity sam], l es for th" rapi d and &radual addi tion 
of salt to petunia s ubs trate s were combined in one. 
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The results sh ow tha t the base culture -solution baa a con

ductivity of approxima tely 1. 5 mmhos/cm which is e q uiva l en t to an 

osmotic pressure of 1.5 a tmosph~ r« s . In all case s , except tre a t 

ment B2 , the conductivity of the s olution at the end of the week 

was gre a ter tha n the initial conouctivity of the new s olution. 

This was cause d by the loss of wa ter from the solution through 

transp iration a nc evaporation. Howtver, observations indicated 

tha t loss of water by evaporation was not significant in comparison 

with the loss by transpira tion. The ca lculations based on the 

cond uctivity a n d volume of the s olution show that th" total mil 

liequiva lents of salt pe r tank actually decreased during the week 

(table 5) . However , the loss of ~<ater was greater tha n the up take 

of salt and nutrients by the plant; therefore, the ge nera l trend 

was for the conductivity of the s olution to increase slightly as 

the volume of the so lution was dimini s heu . 

'ITC Test 

In general t he time s tuuies which were c onuucteu for the 

t lu:ee plant s in question to ae tcrnoin c the op timum leng th of time 

to leave the stem sections in the grauea concentrations of ~aCl 

before the addition of TTC, indica ted that 24 hours was adequate. 

Time s tudies with petunia showed that a minh>un> of eight hours 

was req uired, but the re sult s us in g 2 4 hours were equally as goou. 

A minimum of 16 hours was re quireu for tomatoes, ano the re s ults 

were nearly the s ame us ing 16-, 20-, or 24- hour perioas. Barley 

time studies indicateo that a 1 6 - ho ur perioo was aoequate but 

tha t the re su lts we r e nearly t he sun;c whe n us ing a 24- hour period. 



Table 5 . ~lean values of the quantity of salt ana nutrients 
in milliequivalents total salt per tank for the 
ne w solution and for th" same solution at the end 
of one week (old) for the second p lanting of p l ants 

Substrate treatment 

Control Gradual salt Rapid salt 

New Old New Olo New 0 1<.1 

Me salt/tank" 241 142 3276 2930 3260 2844 

Petuniab 

Me salt/tankc 57 30 946 733 

~le salt/ t a nk 233 199 4298 4015 4192 4126 

"calculated by determining me salt per liter from conduct
ivity values UBin& figure 4, p . 13 USDA Handbook 60 (U.S. 
Salini ty Lliboratory s taff, 1954) ana multiplying by the 
volume of solution in li tcrs. 

bThe conuuctivi ty samplts foe treatments No. 2 a nd No. 3 
were combined in one for petunia. 

cJugs with a volume of 3 . 8 liters were useo insteau of the 
16-liter tanks for vetunia . The givtn valuts are a mean 
value per jug. 
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Therefore a 24-hour period was used. 

The studies that were conducted using various types of stem 

s ections indicated that for barley, split node samples were the 

best; for tomato, raoial sections of the nodes 1/8 inch thick were 

best; and for petunia, split stem sections 1/2 inch in length gave 

best results. It was found with t omatoes that the degree of stain

ing of the nodes was higher than the internodes. The lower nodes 

of the barley colon gave better results than the upper nodes which 

contained more chlorophyll. 

It was found that only one s tem section should be placed in 

each vial. When two were placed in each vial, they often stuck 

together, thus preventing uniform absorption of salt or of TTC. 

The decrease in staining of the stem sections with increased 

concentrati on of the tissue treatment i s a gradua l one. For this 

reason it i s d ifficult to determine at which level of int e n s ity 

the tiss ue s hould be judged inactive. Monk (1960) consi dered the 

tiss ue viable if the sections appeareo red or p ink, devending on 

the p lant species and the amount of coloration found in cou1pari s on 

with the s amples in the control s olution. In this inves tigation, 

it was found that a bre a k in the de gree of staining occ urred at 

lower level s than the actual cessation of staining . This p oint of 

marked decrease in staining was characterizeo by change from total 

staining to a s t a ining of only part s of the sample. The s taining 

between thi s point anu the actual cessation of staining was limited 

mostly to the p ith ti ssue and meristcm. In some trials with 

tomatoes thi s pith tiss ue staineu as h i gh as 2 .5 molar NaCl a nd 

t here was no true ceaoati on of stuining. 
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As a whole the marked decrease in staining was more c onsis t a nt 

!rom one tria l to the next than was the cessation of staining. The 

position of cessation of s t•linin!; frow one trial to a nother vurieu 

as much as 0. 25 molar NaCl, anu the position of the marked change 

in intensity varied as much as 0 .1 5 molar NaCl . 'l'his variation 

did not warrant the use of the 0.05 molar increments which were 

used. The genetic d ifference between plants may account for this 

variation. It may also be due to physiologi cal differences between 

plants. The metabolic condition of the plant a t the time of 

sampling may also be a factor. 

In each series of samples analyzeo, the intensity of staining 

was compared with the staining of the st"m section of a control 

plant which hao been subjected to zero NaCl in the tissue treatment. 

The intensity of staining of the other s tem sections relative to 

this was indicated by a color value. The color values used and 

the corresponding abbreviations are li s teo below in order of 

oecreasi n g intensity. 

VVDR--Very, very, oark red 

VDR--Very, dark red 

DR-- Dark red 

R- -Red 

SR- - Slightly red 

VP--Very pink 

P--Pink 

SP--Sligh tly pink 

VSP--Very , slightly pink 

VLC--Vcry littl e color 

G--Greco, no s taining 



The results of approximately 20 tria ls on each of the nine 

treatments used in this cxpcrim~nt a re summarized in t a bl e 6 . 
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The color val ues lis t en a r e the wea n values of the several tri a ls. 

The cons i stency of these mean va lue s is not characteristic of a 

sin g le tria l. The point of marked de crease in staining and the 

point of cessa tion of s taini ng are indicated in the table as 

horizontal lines betwe en c orresponding co lor va lues . The decrease 

in staining occurred between the color va lue Red an<.! Slightly Red . 

This was the point at wh i ch s t aining became nonuniform. The 

cessation of staining occurred between the color va lues Very 

Slightly Pink and Very Little Color. The point of cessation of 

s t a ining correspondeo to the one useu by ~lonk (1960). Figures 9 

through 12 show in color the comparis on of the staining of the 

tiss ue sam)Jles from control p lant s a na plunts receiving s ubstrate 

treatme nts. 

The salt conce ntrati on of the points of de creased s taini ng and 

cessa tion o f staining a r c listed separately f or each of the sub

str a t e treatments in tabl e 7. The r a nge of the concentrations of 

the t wo points obta ined in the severa l trials are s o indi ca te d . 

Wh e n the re s ults of the three plant s in q ues tion a re compared it 

i s observed tha t the point of marke<.l re duction in staining u oes 

not parallel t he c essation of ~ taini ng . 

I n a ll cas es the staining of s t em sections from con trol 

plants was more intense t han the s t ai nins of s t em secti ons from 

p l a nts growing i n salt ~ ubstrate. The inte nsi t y of staining of 

the c on trol p l ants was a maximwo a t the lowe s t t i ssue treatment. 

llowever, in the case of the p l a nt s r e ceiving one of the s ubst r a te 
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Table 6. Summary of result" of salt hardiness as de termined by 
staining with TTC using stem se ctions of tomato, petunia, 
and barley sub jecteo to three substrate treatme nts 

Tissue Substrate treatments 

treat-
Tl T2 1' pl p2 p3 Bl B2 B3 ment 3 

(molar) 

o.o VVDR p SP rR SR SR VDR DR R 

0.1 VVDR SR SR DR SR R VDR DR DR 

0.2 VDR R R R R R VDR DR DR 

0.3 DR DR R R R DR VDR VDR VDR 

0.4 R a DR R R DR R VDR VDR VDR 
-- --0 . 5 SR VDR DR SR R R DR VllR VDR 

0 . 6 p DR DR p R R R DR DR 

0 .7 p DR DR SP p SR R DR DR 

O.B SP R DR VSPb SP SP R DR DR 
= 

0.9 SP R R VLC VLC VLC SR R R 

1.0 SP SR SR G G G SP R ll 

1.1 SP VP p G G G VSP R R 

1.2 VSPb SP SP G G G VLC SR SR 

1.3 G G G G G G G VSP SP 

1.4 G G G G G G G VLC VLC 

1.5 G G G G G G G VLC VLC 

1.6 G G G G G G G VLC VLC 

1.7 G G G G G G G G G 

~oint of marked decrease in intensity of staining. 

bCessation of staining. 



47 

Table 7. A comparison of the points of marked decrease in 
staining and actual cessation of staining by TTC 
of s tem sections of tomato, petunia, and barley 

Marked decrease Cessation of 
in staining staining 

Treatment (molar NaCl) (molar NaCl) 

Tomato 

Tl 0,45 :!: 0,10 1.15 ! 0,25 

T2 0,95 :!: 0.15 1. 20 ! 0,20 

TJ 0.95 ! 0 ,10 1. 20 ! 0.20 

Petunia 

pl 0,45 :!: 0.10 o.so : 0,10 

p2 0.60 :!: 0.10 0.80 :!: 0.10 

PJ 0 ,60 :!: 0,10 o.so :!: 0.10 

Barley 

Bl 0.85 :!: 0,10 1.10 :!: 0.10 

B2 1.15 :!: 0.10 1.35 :!: 0.15 

BJ 1.1 5 :!: 0.10 1.30 ! 0 .15 



Figure 9. Comparison of TTC staining of tomato stem sections 
wuich had been subjected to graded concentrations of 
NaCl for 24 hours prior to staining. (l) Control, 
no added salt; (2) gradual aduiti on of. 90 me each 
of NaCl and CaC12 per liter of substrate; and 
(3) rapid addition of the same amount of salt to 
the substrate. 

Figure 10. Comparison of TTC staining of tomato stem sections 
subjected to graaea concentration of NaCl for 24 
hours prior to staining. (1) Control, no adoea 
salt; and (2) gradual addition of 90 me each of 
NaCl and CaC1

2 
per liter of substrate. Note is 

made of the lack of staining in the secona row of 
tissue at the lower levels of NaCl in comparison 
with the staining of the control tissue. 
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Figure 11. Comparison of TTC staining of petunia stem sections 
subjected to graded concentrations of NaCl for 24 
hours prior to staining. (l) Con t rol, no added 
salt ; and (2) gradual addition of 90 me each of 
NaCl and Cacl2 per liter of substrate. 
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Figure 12. Comparison of TTC staining of split barley noaes 
subjected to graded concentrations of NaCl for 24 
hours prior to staining. (1) Control, no added salt; 
(2) 100 me each of NaCl ana CaC1

2 
per liter of 

substrate, gradual aduition; and (3) rapid addition 
of the same amount of salt to the substrate . 
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treatments, the intensity of st~ining increased from the lowest 

tissue treatment to a peak ~t a conc~ntration higher than the 

lowe s t tissue treatment a n a then decreased as the concentration of 

the tiss ue treatment increased. The TTC test did not reveal any 

differences in salt hardiness bet~<een the gradual and rapid salt 

substrate treatments, There was, however, a great difference 

between the staining of control tis s ue and the salt treated plants, 

A comparison of the results of the several substrate treat

ments seems to inoi cate tha t salt hardening uio take place since 

the marked decreas• in staining occurred at hi gher concentrations 

for the salt substrat e treatments tha n for the control. Tomato 

shO\ved the greatest difference of 0 . 50 molar NaCl between the 

point at which stai ning was markedly reduced with control tissue 

and the point at wlich the decrease occurred with stem sections 

from salt treated plants. The difference in the concentration 

at which cessation of staining occurred was not significant, 

Barley showed the r.ext greatest increase with a aifference of 0,30 

molar NaCl between the point of reduced staining for control tissue 

and for tiss ue fran plants in salt substrate. The difference in 

the point of cessation of staining was 0,25 molar NaCl for barley, 

Petunia showed the least increase with a oi fference of only 0.15 

molar NaCl be t ween the point of markeu reduction of staining of 

stem sections of cmtrol and of salt treated plant s , The difference 

in the point of ce ssation of staining was zero. 

The occurrence of the point of cessation of staining for 

petunia control ti ssue a t a concentration bet ween 0.80 and 0,90 

NaCl was just und er the value of Monk (1960) . He listed petunia 
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a s s t aini ng p ink a t 1.00 molar salt. 

The res ults of the TTC t es t with control p l a nt s are in line 

wi th salt tolerance ratings of t he thre e plants in question as 

previously establishe d . I f the point of marked re duction in 

staining i s use d as the criteri a , the rel a tive rru1king in i ncreas

ing order of salt tol e r a nce woulu be tomato, petunia , a n u barley. 

If the point of cessation of s t ain in g i s used, the order woula be 

petunia, toma to, and barley. 

During the investigations wi th TTC, it was observed tha t the 

powder can deteriora te with time. The ~Jerk Index states that the 

p owder wi ll turn from the normal bluish-white color to a yellow 

color upon expos ure to light. The results of several tri a l s of 

this investigation had to be discarded becaus e the bottl e of 

TTC which was being us ed did grad ually deteriora te over a period 

of seve r a l months . Examination of the powder s howed tha t it ha d 

turned yellow. So far as is known, thi s has not been previously 

re ported in the literature. 

In the se cond method of s taining thut was used , where the 

stem sections were placed in salt s olutions containing TTC during 

the 24-hour staining period, s ome d ifferences in the pattern of 

staining as compared to the fir s t method were noteu. When tomato 

stem sections from control plant s were used, the s taining a t the 

lowe r concentrati ons of the tissue treatment were very similar to 

the re s ults obtained by the first method. The point of marked 

decrease in sta ining corresponde<l t o the position i n the first 

meth od . Bey ond this point the nature of the staining was much 

d ifferent. 'fhc pith d i d no t s t ain bcyon o this point; however, 
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there "'as consi derable s taini ng of the meristcmd. tic tissue. 1he 

JOint of cessati on of st a ining was not as evident as i n the fi r st 

methoo thou gh there did seem to be a concent r a t ion beyonu which 

the mcris tem oid not stain (fi6 ure 13 ) . 

When tomato ~ l anLs which hab been subjc cte o to sal t y 

s ubst r ate at the lower levels of tiss ue treatment were used , th e re 

was very little stainin g \\:ith (:ithcr o f the metho<..s. Howcver 1 in 

tJ1e fir s t met hod the inten6ity of staining increased with illcreas 

ing level of treatment until a pea k was re ... che<. bcyon<. which it 

uccreascd again . With the ~tconu mt:t n ou , thcr~ WtlS uever any 

staining of the p ith , even iu tht }'Osition corresponoing to the 

rc~k o f the first methou (fi g ure 14). 

A time stuoy was conuuctcd t1sing this se conu nJc t !Jod with 

t omat u stem sections fron1 con trol p l a nt s . It was founa t hat th~ 

sho r ter the period of ti111C uuring, ~hich the ti ssue rcmainctl in 

tl1e s ult b Ol utions befor~ tnL ~oLitio11 uf t he TIC solution , tl1e 

le s s the sta ining of the )lith tis:;uo:. 1\ht:n a six- hour ve r ioo , or 

less, was useo, the pitl1 tissue ~iu , , ot stain in a ny of the 

tissue tre a tments but tl1c m~ri~Lematic ti s Hue dio stain . It 

se emed that the longer the ti Ns ue was subje cted to salt before 

the a d dition of TTC p lus NuCl , tloc more intense the stainin1 of 

t he pith at the lower levels of the tissue trea t mont . In th~ case 

of p etuni a , when tht! secono mcthov was usuu on tissue fr0111 bo t.h 

Jlnnt s in saline unli nonoa !int: subs tra t e, the ot <.-1 ining waB more 

int e nse and occurred at hiKher tisouc treataucnt!:i than whcu the 

fir s t met h od was us eo (fi g ures 15 ano 16 ). 

The secono me t h ou wa s not use (I \Vi lh barlty be caus e it was 
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Figure 13. Comparison of TTC staining of tomato stem sections, 
from control plants, subjected to graded concentra
tions of NaCl for 24 hours prior to staining. Two 
separate staining methods are shown • . The first row 
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of tissue samples were p laced in a TTC solution uuring 
the 24-hour s taining perioo. The second row of samples 
were placed in TTC s olution containing the r espective 
concentration of NaCl. Note differences in the 
staining of the pith t i ssue at t he higher l e ve ls of 
NaCl tissue treat ment. 

t<l 

Figure 14. Comparison of TTC staining of tomato stem sections, 
from plants grown in salty substra te, subjected to 
graded conce ntrations o f NaCl for 24 hours prior to 
staining. The results are of two separate staining 
meth ods . The top ro~ of tissue samples were pl a ced 
in a TTC solution ourit•~:; the 24-hour s t a ining per~ oo . 

The seconu row of sampl es were p laced i n TTC solution 
conta ining the respe ctive conce ntrati on of NaCl . 
Note differences in the s taining of the pith tissue 
at the higher l e vels of NaCl tissue treatment. Also 
note failure of pith ti ssue to stain a t any level in 
the secono row o f sampl es 
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Figure 15. Comparison of TTC staining of petunia s tem sections, 
from control p l an t s , subjected to graded con centra
tions of NaCl for 24 hours prior to staining. The 
top row of tissues was stained with a TTC solution, 
the secono row with a TTC plus the respective concen
tration of NaCl s olut i on. Note the grea t er intensity 
o f s t ain ins with the second method . 

Figure 16. Comparison of TTC st~ining of pe tunia stem sections, 
from salt substra te plants, subjected to graded con
centrations of NaCl for 24 hours prior to staining. 
The top row of tiss ues was stained with a TTC sol
ution, the second row with a TTC plus the respective 
concentration of NaCl solution. Note the greater 
intensity of staining with the second method. 



mature at the time the te s t was comiucted. 

There was not suffici ent time to explore the possibilities 

of this second methou further , but it appears tha t with some 

refinements it ma y have s ome advantages over the first method . 

Plasmolysis Test 

Several months of examination of ti ss ue sawp les under the 

microscope were required before the characteristics of salt 
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injury and plasmolysis coulo be fully recognized. It was soon 

founa that above certain concentrations of NaCl, the tissue s were 

already plasmolyzed before being placed in the sucrose solution . 

This is as expected s ince above the o~motic concentration plas

molysis occurs. The criteria of the plasmolysis test as devel oped 

by Repp, McAllister , and Wiebe (1959) and as useo by Monk (1960) 

does not mention this initia l condition of the tiss ue samples 

following the salt treatme nt and prior to being placed in the 

sugar solution. 

The osmotic concentrations of the tiss ues as determined usin& 

both NaCl and sucrose plusmolyzing solutions are summarized in 

table 8. The values listed represent the highest concentration 

in which no plasmolysis occurred. The osmotic concentrations of 

all three plants in que stion r eceiving all three substrate treat 

ments were 1vithin the range of 0. 25 to 0. 35 molar NaCl and 0.45 to 

0 .50 molar sucrose . In most cases the osmotic concentration of the 

tissue f rom plants receiving s ubs tra te treatmen t s No . 2 and No . 3 

were 0.05 molar hig her t han the control us uetermined by the p las

molysi >; methou. This a l so is as wou lo be expected s ince p l a nts 
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Table B. The os motic concentration of epiderma l tiss ue sections 
of toma to, petuni a , u nu barley as meas ured by NaCl a n d 
s ucros e p l asmo l yzing s olutions 

Osmotic concentrat iona 
Substra te 
treatme nt NttCl (molar ;t 0 . 05) S ucrose (mola r ! 0 .05 ) 

Tomato 

Tl 0.25 0.45 

T2 0 . 30 0 .50 

T3 0 . 30 0.50 

Petunia 

pl 0 . 25 0.45 

p2 0 . 30 0 .50 

p3 0 . 30 0.50 

Darley 

Bl 0 . 30 0 .45 

Bz 0 . 35 0.45 

B3 0 . 35 0 .50 

aThe highest c oncentr ation of plasmol yzing solution in whi ch 
cells remained turg i d . 
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growing in salty subs tra te accumul a t e more s a lt. 

The results of the pl aMmolys is s tuoy of epiderma l tis sues 

from control plants after 24 hours in salt solutions followed 

by one hour in sucrose solutions arc presenteo in tables 9 

through 11. Photomicrographs of on<; triiil corresponuing to the 

results presented in table 9 ure shown in figures 17 through 26 . 

The results obtuined with the tissue froo1 plants receiving the 

substrate treatments are not presentee in table form since the 

pattern is similar to that of the control plants even thoug h the 

critical concentrations are uifferc~>t. The results of all treat

ments are summarized in table 1:.! . The os motic concentration and 

the concentration beyono which less than 50 percent of t he ce l ls 

would not deplasmolyze lire listeo. As cun be seen by comparing 

tables 8 and 1 2 , the initiul oso1otic concentrations as determined 

with NaCl are the same a" the os 1aotic concentrations after 24 hours 

in the tissue treatment. 

Use of the results of the plas molysi s test with control 

tissue in predicting salt tolerance, would put tomato hi ghest with 

petunia and barley equal ano somewhut lower. When the criteria 

of Monk is used, all three plants woulo be c onsioereo to have 

some salt tolerance since the critical c oncentration exceeds 0.75 

molar NaCl. llowever , the high rating of tomato above barl ey does 

not agree with field re s ults . The resistance to salt of the pro

toplas~ of plants receiving salt substrate treatme nt~ is less than 

that of the control plants . The decrease in the critical concen

tr~tion is 0 . 5 0 , 0.30, ano 0 .1 5 molar NaCl for tomato, barley, and 

petunia re s pectively. This oecressc is p .. rallcl anu equal to the 



Table 9. Condition of epidermal sections of barley sheath 
tissue from control plants (B

1
) after 24 hours in 

graded concentrations of NaCl ano also after being 
transferred to 1.0 molar sucrose for one hour. 
Figures 17 through 26 correspond to these data. 

NaCl 
( molar) 

0.2 

0.3 

0.4 

0.5 

0 . 6 

0.7 

Salt (24 hours) 

Turgid 
(figure 17) 

Turgid 

Plasmollzed
clumped 
(figure 20) 

Plasmolyzed
clumped 

Plasmolyzed 
clumped 

Plas molyzed
clumped 

Barley tissue treatment 

Sucrose (1 hour) 

Plasmolysis 
(figure 18) 

Concave 
Plasmolysis 

Increase in 
plasmolysis 
(figure 21) 

Increase in 
plasmolysis 

Small increase 
in vlasmolysis 
(fi g ure 23) 

No change 

Water 

De plasmolysis 
(fi g ure 19) 

De plasmolysis 

Deplasmolysis 
(figure 22 ) 

Deplasmolysis 

De plasmolysis 
(figure 24) 

De plasmolysis 

5 8 

0.8 Disorganize db 
(fi gure 25) 

1\o change, No deplasmolysis 
no plas molysis 
(figure 26) 

4
Plasmolyzed-clumped: ectoplast visible with chloroplasts 
conce ntrated in a ball within the cytoplasm. 

bDisorganized: no membranes visible within cell contents . 
Cell may appear plas molyzed but is Lead . 



Tab l e 10. Condition of epide rruu l s ections of tom~t o tis s ue 
from control J.-l~uts (T

1
) after 24 hours i n g r aded 

eoncc11tration s of NaCl ana also a fter b~ ing trans 
ferred to 1. 0 mo l a r s ucr use for one hour 

NaCl 
( molar) Salt ( 24 hours ) Sucrose (1 ho ur) water 
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0 . 2 Turgid Concuve De plasmolysis 

0 . 1 

0 .6 

0 . 8 

l.O 

1. 2 

1.4 

Pl asmolyzeo-
8 

clumped 

Plasmo lyzed
clumpeo 

Pl asmolyzeo
clumpe o 

P lasmolysis 

Irregular b 
plasmolyo is 

Ring ingc 

Incrt>use u 
pJa;;molysis 

Incrcaseu 
plasmolysis 

Increus eo 
J.lUSUtO Jy.sis 

Son1e increase 
in jJlct .slllolysis 

Little increase 
in pla ;;anolysi s 

LeHs th(;.l.n 50 
pcrc~nt 

plasoJolysis 

Deplasmolysl s 

De plasmolys i s 

Dep l as••olys is 

Complete 
deplasmolyHis 

In comp lete 
de plasmolys i s 

8
Plusmolyzed-clumpe d: ectoplas t visible with chloroplas ts 
c oncentrated in a lJa ll within th" cyto1-lasm. 

birregular plasmolysi s : contour of cctoplast not smooth . 

cRinging: c ell contt-uts couccntratl.L in center of cell 
but no ectoplas t vi slbl~. 
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Table 11. Condition of epidermal sections of petunia tiss ues 
from control plants (P

1
) after 24 hours in graded 

concentrations of NuCl uno also after being 
transferred to 1.0 molar sucrose f or one hour 

NaCl 
( molar) 

0.2 

0.3 

0.4 

0 . 5 

0.6 

0 .7 

o.s 

0.9 

Salt ( 24 hours) 

Turgid 

Plas molyzed-
a 

clumped 

Plasmolyzed-
clumped 

Plasmolyzed -
clurnpeo 

Plasmolyzed-
clumped 

Plas molyzed-
clUI!ped 

l·lostly 
plas molyzed 

Ringing 
b 

Petuniu tissue treatment 

Sucrose (1 hour) water 

Concave De pl a smolysis 
plasmolysis 

Increased De plasmolysis 
plasmolysis 

Pl a .. molysis De p las molysis 
more evioent 

Plas• .. olysis De j,laswolysia 
more evioent 

Plas molys i s De plas molysis 
more evident 

Plasmolys is De plasmolysis 
less evioent 

Over 50 percent Incomplete 
plas molysis de plasmolysis 

~0 change No change 

8
Plasmolyzed-clumpeu: ectOjJlast visible ;, i th chloroplasts 
concentrated in a bull within the cytoplasm. 

bRinging: cell contents concentrated in center of cell but 
ectoplast not visible. 
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Table 12. Summary of results using plasmolysis te s t to determine 
salt hardiness of tiss ue s of barley, petunia, anu toma to 
showing the concentrations of NaCl causing plasmolysis 
and the concen tration causing oea th of the cells after 
24 hours 

Osn1otic 
a Critical 

Substrate concentration concentration 
treatme nt (molar NaCl 1molar NaCl 

! 0.05) - 0 . 05) 

Tomato 

Tl 0.25 1.30 

T2 0 .30 o.so 

T3 0 .30 o. su 

Pe tunia 

pl 0 . 25 o.so 

p2 0 . 30 0 .65 

p3 0 . 30 0.65 

Barley 

Bl 0.30 u.so 

B2 0.35 0.50 

B3 0 . 35 0 . 50 

aOsmotic concentration: the highest c oncen tration of 
plas molyzing solution in which cells r ema ineo turgid. 

bCritica l concentration: the highes t concentration of 
plasmolyzing solution in whi c h 50 percent of the cells 
were still plasmolyzed . 

b 



Figure 17. Turgid cells of 
0 . 20 molar NaCl 
distribution of 
arate identity. 

barley sheath tissue subjected to 
for 24 hours . Note the uniform 
the chloroplasts anu t heir sep-

(385 X) 

Figure 18. Plasmolyze6 cells of barley sheath tissue subjected 
to 0 . 20 molar ~aCl for 24 hours followed by one 
hour of 1.0 mol a r sucrose . Note the elliptical 
nature of the plasmolys i ~ . (385 X} 
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Figure 19. Deplasmolyze~ cells of barley sheath tissue subjected 
to 0.20 molar NaCl for 24 hours, 1.0 molar sucrose 
for 1 hour, and tap water for several minutes. Note 
t he deplasmolyzed conuition of the cell . (385 X) 

Figure 20 . Plasmolyzed-clumpeo cells of barley sheath tissue 
subjected to 0 .40 molar NaCl for 24 hours. Note 
the visible ectoplast and the clumped (concentra ted) 
conditi on of the chloroplasts near the end of the 
plasmolyzed cytoplasm . (385 X) 



Figure 21. Plasmolyzed- clumpeo cells of barley sheath tissue 
subjected to 0.40 molar NaCl for 24 hours followed 
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by 1.0 molar sucrose for on~ hour. Note the distinct 
outline of th~ e ctoplast with the chloroplasts con
centra ted within . (385 X) 

Figure 22. Deplasmolyzeo plasmolyzed-clumped cells of barley 
sheath tissue subjected to 0 . 40 molar NaCl for 24 
hours, 1 . 0 molar sucrose for one hour, ana tap 
water for a few minutes . Note the deplasmolyzed 
condition of the c ell ano the c h loroplasts con 
centrated near the c~nter of the cell. (385 X) 



/ 
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Figure 23. Severe plasmolyzed-clumping of cells of barley sheath 
tissue subjecteo to 0.60 molar NaCl for 24 hours fol 
lowed by 1.0 molar sucrose for one hour. Note the 
very visible ectoplast and the extreme clumping of the 
chloroplasts near the end of the plasmolyzed cytoplasm. 
(385 X) 

Figure 24. Deplasmolysis of severely plasmolyzed- clumped cells of 
barley sheath tissue subjecteo to 0.60 molar NaCl for 
24 hours, 1.0 molar sucrose for one hour, and tap water 
for a few minutes. Note the deplasmolyzed condition 
of the cell and the disorganizeo condition of the 
chloroplasts. (385 X) 



66 

Figure 25. Inactive cells of barley sheath tissue subjected to 
1.00 NaCl for 24 hours. Note the apvarent pla~molyzed 
condition of the cell ano the irregular contour of 
the outer boundary of the cell contents . These cells 
would not de f-l a smolyze when p laced in water. (385 X) 

Figure 26. Inactive cell s of barley sheath tissue subjected to 
1.00 NaCl for 24 hours followed by 1.0 molar sucrose 
for one hour. Note that these cells have not changed 
in appearence over those above (fi gure 25}. These 
cells would not deplasmolyze when placed in water. 
(385 X) 
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increase obtained with the 'l'TC test. It i s possible that the 

effects are additive and that the cell" having already accUJilulatcd 

salt are less resistant t o further exposure to salt. 

The determination of the osmotic concentration was not oiffi 

cul t. However, wi th increasing concentration beyono this poin t 

the degree of plasmolysis increased gradually ano there was not 

a definite point beyon cJ which all plasmolysi s ceased. Some cells 

remained active in tiss ue that containeD a high proportion of in

a ctive cells. For each of the three plants in question, the 

characteristics of plasmolysis were oifferent. 

Repp, McAllister, an<J l'.icbe (1959) reporteo a difference be

tween a salt injured ce ll unu a su~ar plasmolyze o cell. In this 

investigation it was p ossiLle to ouplicate each type of plasmolysis 

obtained with salt concentrations ( aLove the osmotic concentration 

but below the critical concentration) by using sugar . The length 

of time the tissue was u I 1 owed to remain in the plasmolyzing sol

ution had a large infl ucnce upon the appearence of the plasmolysis . 

The plas molysis of tiss ues subje cted to either slightly hypertonic 

sugar or salt solutions for 24 hours appeared very similar. Hig hly 

hypertonic solut ions of salt causea aeath of the cells as eviaence 

by failure to de plasmolyze; wherea:s, cells subjected to high ly 

hypertonic sugar so lutions for an equal length of time deplasmo lyz ed 

when placed in water. F or thi~; reason de plasmolysis see met. to be 

a better criteria of cell activity than the plasmolysi s itself. 

By way of inforruution, tht types of plasmolysis ano the steps 

involved in iuentification of the critical level are pre se ntee in 

t his secti on. The methoa of obtaining the results is o f equal 
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imp or t ance with the results . 

Photomicrogr aphs of turgio cell s of barley and petunia a re 

s h own in fi gures 17 and 27. The chloroplast s in turg id cells were 

uniformily d i s tri buted anc. hao separate ioeutity. Subjection of 

such cells to hypertoni c s olutions caused a shrinking of the 

protoplas m. As it was drawn away from the cell wall, the ectoplast 

became evioent. The membrane itself was too thin to be vi s ualized 

uncer t he light microscope but its properties caused a r e fraction 

of the lig ht passing through it s o that its presence was ind icated 

by a thin dark line, 

The initial p lasmolys i s was con cave or elliptical depending 

up on the shape of the cell a nu t he plant ti ssue being observed. 

With sugar a s the plasmolyzing s olution, the initial plas molys is 

was often conca ve though concave plasmolysis was also observed 

with salt (fi gures 28 and 29 ). F.lliptical plasmolysi s was obser

ved with both sal t and s ugar· so lutions (fi gures 18 and 30), No 

c onc a ve pl a smolysis was observed in tiss ues that ba d been sub

jected to s lightly hypert onic >~o lutiono; for 24 hours (fi gure 31) , 

As the ectoplast was drawn in, the chloroplasts were pulled 

alon g with it and tended to c on centra te ulong t he membrane , An 

equilibrium point was reacheo beyond which there was no furthe r 

shrinking o f the cell contents. However, it was observed that the 

chloroplast s con tinued to concentrate until they were clumped in 

a sn:all area (fi g ure 23) . This conui tion was spoken of as plas

molyzed-clumped in thi s investigation. The clump of chloroplasts 

s ometimes formed near the e no of the plasmolyzen cell contents and 

at other times seemed to form a lwu on the contour of the cytoplasm 
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Figure 27. Turgid cells of petunia epiuermal tiss ue from p l ants 
grown in salty substrate. (385 X) 

Figure 28 . Concave plasmolysis of cells of petunia epidermal 
tissue subjected to 0.00 molar NaCl for 24 hours 
followed b y 1.0 molar sucrose f or 15 minutes. Note 
the concave nature of the plasmolysis ano the con
centra ted nature of the chloroplas ts along the edge 
of the ectoplast. (385 X) 
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Figure 29. Concave plasmolysis of cells of barley sheath tissue 
subjected to 0.30 molar NaCl for 24 hours followed 
by 1.0 molar sucrose for 15 minutes. 

Figure 30. Elliptical plasmolysis of cells of barley sheath 
tissue subjected to 0.60 molar NaCl for 15 minutes. 
Note the conc~ntrated nature of the chloroplasts 
along the edge of the ectoplast. 
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Figure 31. Elliptical plasmolysis of cells of petunia epidermal 
tissue (from plants grown in s a lt s ubstrate) subJected 
to 0 . 20 molar NaCl for 24 hours followed by 1.0 molar 
sucrose for one hour. (385 X) 
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(figures 32 and 33). In cells which conta>nccJ many chloroplasts, 

the concentration appeared to be les s severe ana the outer boundary 

of the chloroplasts more nearly conformed to the contour of the 

ectoplast (figure 34). J·:xposure of such cells to 1 . 0 molar suc

rose usually resulted in a slight increase in the shrinking of the 

ectoplast. 

'l'he ectoplast of the clwnped ce 11 was clearly cvioent as can 

be seen by referring to the above figures. It often had a halo 

appearance as i s shown in fi g ure 35. Upon gradual deplasmolysis 

thi s membrane returned compl e tely to the wall of the cell but the 

chloroplasts remained somewhat concentrated (fig ure 22) , At 

hi ghly hypertonic concentrations where the identification of 

plasmolysis became di ff i cult, the use of the halo appearance of the 

ectoplast was very helpful. 'l'he plasmolyzed contents of an active 

cell also had a glossy appeurance . \\hen focusen up anu down with 

the fine adjustment of th• microscope, the active cells coulu be 

oistinguisheo from the inactive by the presence of the halo and 

the dark appearance of the plasmolyzeu contents. 'l'his light effect 

was no doubt caused by oiffercnces in refraction a nd transmittence 

of light through the plasmolyzeu cell contents wh ich would have 

different properties than the cell conttnts outsiue of the ecto

plnst (figure 36). Such cells oeplasmolyzed when placed in water. 

The struc ture u n o organiza tion of the cells with inactive cytoplaSJII 

(figure 37) appe ared similar to that of the a c tive cells, but 

there was no differentiation in th.: transmittence of light , and 

the structure did not chun1c when the cells were placed in water. 
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Figure 32. Plasmolyzed-clumping of cells of barley sheath tissue 
subjected to 0.50 molar NaCl for 24 hours followec..l 
by 1.0 molar sucrose for one hour. Note the bud 
appearence of the concentration of chloroplasts on 
the contour of the ectoplast. (385 X) 

Figure 33. Plasmolyzed-clumped cells of barley sheath tissue 
subjected to 0.50 molar NaCl for 24 hours follo~eo by 
1.0 molar sucrose for one hour. Note the bud for
mation near the c e nter of the ectoplast. (38 5 X) 
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F i gure 34 . Plasmolyzed-clumped c ells o f barley sheath tissue 
subjec ted to 0 . 50 molar NaCl for 24 hours f ollowed 
by 1.0 molar s ucrose for one hour . These c e lls con
tained more chloroJ)lasts t han the c e lls in fi g ures 
32 and 33. Ther efore t he clumping was not severe 
though it uia occur. (385 X ) 

Figure 35. Plasmolyzed -clumped cells of barley sheath tissue 
subjected to 0.40 molar NaCl for 24 h ours fol l owed 
by 1.0 molar s ucrose for one hour. Note the halo 
appearance around the cctoplast c aused by the re
traction of light by the membr ane. This i s an in
aicati on of a ctive cytoplasm . These cells deplas
molyzed when p l a ceo in water . ( 385 X ) 
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Figure 36. Plasmolyzed cells of tomato epioermal tissue subjected 
to 1.0 molar NaCl for 24 hours foll owed by 1.0 molar 
sucrose for one hour. This level of NaCl treatment 
was hig her tha n the critical concentration (less than 
50 percent active cells). The active cells have a 
halo around the ectop l as t ano the p l asmolyzed cell 
conte nts a p pears a a rlter tha n t he s urrounuing medium . 
The micros cope was p l a ced slightly out of focus to 
give this effect. ( 385 X) 

Figure 3 7. De ad cel l s o f t oma to e p iuermal tiss ue sub jected to 
1.50 molar l\aCl for 24 hours followed by 1.50 molar 
s ucrose for one hour. Note the concentration o f the 
cell con tents with in t he cell but the apparent 
abse nce of the ectoplas t. These cells will not 
deplasmolyze whe n pla ced in water. (385 X) 
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Figure 38 . Active, plasmolyz ed cells of tomato epiaermal tissue 
s ubjected to 1.00 molar NaCl for ~4 hours. (385 X) 

F i gure 39 . Active, plasmolyzeo cells of tomato epidermal tissue 
subjected to 1.00 molar NaCl for 24 hours follo"eo by 
1.0 mola r sucrose for one hour. Note the intens ifi
cation of the halo a no dark area of these cells in 
comparison with those above (fi gure 38) which were 
not pla ced in s ucrose . (385 X) 
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The s ubjection of pl a smolyzeo cells to sugar s ometimes intensified 

the ha lo a n <.! the dark area (fi g ure s 38 a no 39) while it d i d not 

cha nge the appearance of inactive cells. Figure 36 shows ti ss ue 

c ont aining a ctive and ina ctive cell s . 

The contents of cell s which were de ad had a ri r: ged appear a nce 

c a used by t he initia l shrinking of the cyt oplasm concentrating 

t he cell contents in the center of the cell. The cytoplasm , 

however, b e came inact ive after prolonged s ubj e ction t o the h i g h 

s a lt s olution ano the membrane ois,.ppcareu. The chloroplas t ,; in 

such cells had a diffuse appe a rance. They hao to a large extent 

los t their separate iuentity , a no the who l e U>ass had an amorphous 

appearance. Thi s conLit ion is ~bow rt i n figure 4 0 ano 4 1. 

The na ture of the plasmolysis of tomato cells was muc h 

differe nt than tha t of p e tuni a or bar l ey cells. The contour of 

t he ectopl as t was not smoot h , even a t s alt concentrati ons just 

above the o smotic conce ntrati on as is s hown in f i g ure 42 . 

It was found in thi s inve s tiga t i on t ha t the same r esu lts were 

obtained after s ubjectin g the t i s sue se ctions to t he graded salt 

solutions for only e i ght hours as when a 24-hour per iou .. as used. 

To check this out cell s were s ubj e cted to salt c oncentra tions just 

above the critical l e vel and observed unuer the micr oscope . Plas

molysis was a lmost instantan~ous , t he cell contents bei ng quickly 

dr a wn int o the c e nter of the cell (f i gure 43). The contour of the 

cytoplasm was very irregu l ar . After an hour the cells we r e pla ced 

in water a nd very few ,.·oulo de p l a s mo l yze. In contras t cells were 

s ub jected to sa lt concentrations just unuer t he cr itical level and 

dc plas molysis would t ake p l a ce us long as 36 hours later. 
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Figure 40. Ringing of cells of toma to epioermal tiss ue subjected 
to 1.50 molar NaCl for 2 4 hours followed by 1.50 sucrose 
for one hour. Note the similarity in appearance to 
a pla smolyzeo cell. '!'he chloroplasts are concentrated 
but the ectoplast i s not present. These cells will 
not deplas molyze in water. (385 X) 

Figure 41. Ringing of cells of petuniu epidermal tissue subjected 
to 1.50 molar NaCl for 2 4 hours. Note the granular 
appearance of the cell, the concentration of the 
chloroplas ts, anu the absence of an active ecto
plast. These cells will not deplasmolyze in water. 
(385 X) 



l"igure 42. Irregular plusmolysis of cells of toma to epidermal 
tissue subjected to o. 75 mol ~tr NaCl for 24 hours . 
Note the unsmooth contour of the ectoplast. These 
cells diu deplasmolyze when placed in water. 
(385 X) 
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Figure 43. Severe plasmolys i s of cells of barley sheath tissue 
subjected to 1.50 molar NaCl for 15 minutes. Note 
the extreme shrinking of the cytoplasm and the for 
mation of peaks in the contour of the ectoplast. 
These cells woulo not deplasmolyze hen placed in 
water an hour after initiation of treatment . (3 85 X) 



It was further founu that examination of the condition of 

the cell s af ter being s ubjected to the salt prior to s ubjection 
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to sucrose was suffi ci ~ nt to oetern1inc the critical CUil Ccntration. 

As was previously mentiunco, the activ~ cell s were sometimes more 

apparent in a sucrose sol uti on; but , as a whole the effect of the 

sucrose on the cells coul<> be pi'eoictcu from their previous con

dition. Cells tha t oi(l not ulreauy have a plas molyzed aH;e a r ance 

woulo not plasmolyze in s ugar (except those treated with salt 

solutions below the osmotic concentration). Ucplasmolysis in 

water served as the best check on the activity of the cells. 

Results of the inve s ti ga tion also showco thu t an hour was 

sufficient time to leave the tissue sections in tbe h UCrose 

s olution. Observation of cells under the microscope after being 

placed in sucrose re ve aled tha t there was little in.ttial pl asmoly

sis of turgid cells or increuseu plasmolys i s of a lreuuy plasmoly

zed cells after a 15 -minute periou. 

Longevity of viahility ui<> not seem to be a problem. Tissue 

samj..- les allowed to rema in in conccntrutions of salt be lot\· the 

critical lLvel for 36 hours woulu still deplasmolyze r apiuly . 

Tissue subjected to salt treutmcnt for ~4 hours followed by sub

jection to 1.0 molar sucrose for JU hours would stil l deplasmo1yze. 

Tissue samples kept in tap wute1· for periovs of 48 hours af ter 

bein g s liced from the stem section woulu plasmolyze within 15 

minutes when placed in ci thcr hypertonic salt or sucr ose solutions 

and woul o de plasmolyze when placed back in water. In most case s , 

osmotic shock was observed when tl1c tissue se ctions were p l a ced 

back in water. Dep1asmo1ysi s proceeoed so fa s t that the ectoJ,last 
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ruptured and the cytoplasn. speweo into the cell c a vi ty . Within 

two seconds after the rupture, the ectopl a st hao oisappeured. 

For normal deplasmolysis to take place , the con centration of the 

plasmolyzing s olution had to be uiluteo gradually. 

Thin sections of epi<.ermis from 1uuture tiss ue of tomato a nd 

petunia gave the be st results Llecuusc the cells were larger, \lith 

barley, best results were obtained by using thin sections of the 

sheath tissue of the first or se cono leaf from an area below the 

ligule. The largest cell s were founo to be loca ted in tissue 

tha t 1vas light green in color . Uowever, it is difficult to observe 

plasmolysis in white ti~;sue since the re are few chloroplasts. 

Repp, ~tcAllister , ano Wiebe (1959) reported that in dead or 

nearly dead cells the vacuole appears normally plasmolyzed but the 

cytoplasm appears much more granular and is more or less concentrated 

in clumps bordering the vacuo] e . At places the vacuolar membrane 

i s entirely bare. They further rt:ported that ce l l s which p ossessed 

normal plasmolysis ••ere considered ali vc; whereas cells in which 

there were slight visible cha nges in structure , mainly an increase 

in granularity, but in which the p l asma membrane s till possessed a 

smooth contour were considered sl i ~htly uamag,ed . 

In this investigation it was difficult to distinguish the 

tonoplast from the ectOJ•last in a p lasmolyzed ce l l. In cells 

plasmolyzed by salt concentrations just under the critical level, 

streaming of cytoplasm was observed in the cytoplasmic strands 

through the vacuole. This inoicates that the ect opla~t a na tono

plast were still intact and separate. After the observations which 

were made during this investigation, it i s felt that the cells 
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which they referred t o a s being slightly damaged are those cells 

tha t were a lready plas molyzed before being placed into the sugar 

solution, The ce lls below the osmot i c conceutr a tion woulu only 

ha ve been p las molyzed for f our hours prior to examination in 

compari s on to thos e ab ove that l "ve l which wou l u have been plas 

molyzed for 28 hours before examination, 

As a who l e , the criteria of p l asmolys i s is n very d ifficul t 

one since there are so many factors tha t c an influence it . 

Comparison of Res ult s 

The p l asmolys i s an<J the TTC te s t s were employed in t his 

inves tigation to meas ure pr otopl a s mic salt haruiness of ti ss ues 

froa1 plants grown in sa line uno in nonsaline s ubs tra tes , The 

object was to determine if the p rotov l asm increased in salt ha rd

ines s when the p l a nt was s ubj e cted t o salt subs trate . Such a n 

increase would be an indication of salt hardening. 

A compar i s on of the re sul t s of the two tes ts inui c a t e that 

they d o n ot meas ure the s ame pr op., rty of prot op l a smic res i s t ance , 

With the TTC test , salt huroening seeme d to t uke p l a ce since ti s s ue 

from p l ants in salt s ubs tra te s t uincd at higher NaCl leve l s than 

the ti s s ue of control plant s , Results of the p las molys i s te s t 

i ndicat ed negative salt hardening sin ce the critica l concentration 

of tissue from plants in saline s ubs trat e was lo l'.-er t h an that of 

plants in nonsaline subs tra t e . In the cas e of the TTC t est , 

tomato showed the greate s t increase ( 0 , 50 molar NaCl), followed 

by barley (0,30 molar NaCl ), which was fol l o weo IJy petunia 

(0,15 molar NaCl ), This i s just op~ osit~ to thu r e s ul t s of the 



plasmolysis test where toma to s h owed the gre<>te s t decrease 

(0.50 molar Na Cl), followe d by ba rley ( 0 . 30 molar NaCl), which 

was foll owed by pe tuni a (0.15 molar Na Cl) . 

8 3 
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SIDINARY AND C(Jf'<CJ.U1;JOI\S 

In order to compare the protoplasmic salt haruiness of plants 

grown in saline vers us nonsalinc s ubstrate s , barley, petuni a , a nd 

toma t o were gr own in s olution-culture in the g ree nhouse , Each of 

the three plants in question received one of three subs trate 

treatu•e nts: (1) no addition of salt (control), (2) a gradua l 

Hddition of salt , or ( 3) a rapiu aduition of salt. 

Live tissue samples were s ubjected to graoed concentrations 

of NaCl a nd the salt hardiness was measured by the vita l s tain 

2 ,3,5-triphc nyl-2H-tetruzolium chloriue (the 'fTC t es t) a nd by 

plasmolysis studies. 

The research was divided into thre e areas of investiga tion: 

(l) comparison of the salt tol e r ance rati ng of the three plants as 

determined by each of the salt hardiness te s t~ with t he sal t 

tolera nce r a ting as octerminecl by fielo stuuies , ( 2 ) determination 

of the effect of saline s ubs tra t es upon t he protoplasmic sal t 

re s ista nce of the p l a nt, anu ( 3 ) examinati o n of the effect of 

saline s ubs trates up on the vali<Jity of the sal t tolerance r a ting 

of a p l a nt as determined uy the p l usmolys is a no TTC t est. 

The f ol lo wing observations a n u conclus ions a re note<J: 

1. In all cases the g rowth of the c on trol plants was much 

greater than tha t of the plants rcceivin6 the salt subs tra te 

treat n.e nt. Gr o wth of pl unt s recei ving rapicl addition of s al t was 



e qual to that of those rece i ving a gr ad ua l addition with the 

exception of burley in which case !Jlunt s r e ce ivin g the r apid 

a dd ition did be tte r than those receivin g gr adual a dui tion, 
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2 . Results of the TTl: test us i ng c on trol t iss ue showe<l all 

t hre e plant s to be salt t olerant with the oruer of i n creasing salt 

hard iness t o be ; petuni a a n d tomato e q ua l, wi t h barl ey s omewha t 

hi gher , which is in gener u l a gre emen t with the orocr of r anking as 

determined by fielo trials . 

3, The TTC test showed no u iffc r en ce in the salt harui uess 

of the plants receivi ng the r ap i o vers us the grauual a o uiti on of 

salt. However, the te s t inuicateo an increase in salt hardiness 

of these plants over the control plants . The order of decreas ing 

salt ha rdening was tomato, barley , a na petunia. 

4. Observations during the J>l asmolys i s te s t revealed that 

cxantination of the ti ss ue samp le s fol l o wing the NaCl tiss ue 

tre a t ntc nt p r ior to the s ucrose trcatm<nt was a de <! Ua tc to oe termine 

the criti cal salt con c e ntra tion, It was further founo tha t tiss ue 

sections s u b j e cted to s a lt concentrations above the os motic con

ce ntra tion were a lready p las molyzed before being subjected t o the 

s ucrose solution. It was al s o found that in s ome cases the s ugar 

treatment served to mak e identification of plasmolysis eas ier but 

as a whole the resul t s of this treatme nt coulo be p r eo icted from 

the first observa tions , Subje cting the tissue se ctions t o the 

NaCl s olutions for a n ei ght-hour period gave the same results as 

for a 24-hour period. ne plasmolys i s with water served a s the bes t 

che ck on the activity of the p l asmolyz eu cell conte nts . 

5, The p l asmolysi s test s ho wed all three p l a nts to be salt 
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tolerant. There was no (...iffer~nce i11 the sctlt harainCS6 of l he 

tiss ue sections from pldnL~ r~ceivin& the ra~iu ~alt or the g r do 

ua l sal t trea t ment . Ther~ WhS a uecrease i n the critical 

concentration for tissues from planto r e cei vin g the salt .t;ubstrute 

treat r.~cnt in comparis on with the control. The uecrease shown by 

toma t o was highest followt:Cl by barlt:y a ncJ vetuniu. 

6. The re•wlts of th" TTC test on control p l a nts are more 

in agreement \\'ith sa lt tolcr'='nce r at ings previously determineti 

by field s tud ies than .tre t he resul t s of t he v l asmolysis tes t. 

'fhc TTC test is much eas ier t o us c u.ou interJJr e t. 

7. There is not conclusive evidence that salt hardenin~ 

uiu take p lace. The enzyme >iystem which reuuce s TTC seemeo to 

sho1v salt haruening but the over-all ttctivity of the cell showeu 

~ r e ve rse of salt harue11ing. 

B. The salt content of the root substra te has a definite 

e ffect upon the valioi t y of the sa lt tolera n ce rating of h Jll a nt 

as prcoi ctcu from either tlo,, p la:smol ys is or the 'l'fC te s t results. 

A sa lty subs trate g ives a lo"er rating "ben dctermineo by the 

p l asmolys i s te s t anu a h i ghe r rating when determined by the TTC 

te s t. For example , t he l eve l of s ult h u r o incss of tomato J, lunta 

in saline substra te s as detcrmincu LJy the T'l'C te s t is l&i ~her 

than tha t of barley in n onsa lin ~ :subs tra tes. Therefore , for val id 

re:sults whe n using the s e te ~ t s in prcuictius su. lt toler ance, 

plants mus t be grown unue r nonsalin~ c onuition s . 
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