
TOXIC ITY OF SALINE .A.ND ALKALINE WATERS 

TO CERTAIN GREENHOUSE PI.ANTS . 



.·u 

Old. 

,. 
• 0 
o , 

:;;.:-

.l .. 't. 

,it\a • C.ll•s• 

.. en • 

en f Che i trJ 

.... u .,~ .. ,, ,.,1 Colle 

/I' 

0 .. -.. , 

0 •• 

- ... . ~ 
',,) t. • • . . . . 

' J Q ..... 
.. ,JO • " ... .,, • 

o,f 

' . . . '• 
" Ii • • . 

; . : :.. C,. ~ .... . (. 
• .. ·.: • C- ", .J • : '-. . . . . . ... . ., 

q 1re. et.• 

... . - .. 
.... - ... ... . . : : : .. .. . . . .. . .. . . ... . ... . 



.. • 

}26927 

OKLAHOMA 
j6HIClILTDW. ! i.Wil.4i\'ICAL COLLE61 

LlllR A RY 

AUG 6 1940 



I 

II 

III 

TABLE OF CONT'ii.'NTS 

Chapter 

Acknowledgement. . . . . . . . . . . 
Introduc.t ion . • • . • 

Review f Literature. 

Experimental 

. . . . . . . . 

1. 

2. 

Plants. • • . 

Analytical. • 

. . ·• . . . . . . . 
• • • • • • • • • • 

IV Tabulation and Discuasion of Results 

1. Tomatoes 

(a) 

(b) 

Single Salt Treatment •• 

Salt Mixture Treatment . 

2. Geraniums 

• • 

Page 

• iY 

l 

1 

7 

9 

11 

21 

{a) Single Salt Treatment. • . • 38 

V Conclusions. . . • • . • • •••• 46 

V.I B1bl iography • . • • • • • • • 49 

iii 



C 

l 

• .ta 

1 • 

.I. V 



l 

INTRODUCTION 

Due to the high salt concentration and varied nature 

ot the saline and alkaline waters of Oklahoma , consider­

able i mportance is attached to the study of the i n jurious 

effects of these waters on typical greenhouse plants. An 

abundant supply of water of low salt concentration ls one 

of the major factors in successful greenhouse production . 

Waters of t his type are very limited 1n Oklahoma, because 

of the fact that deposits of gypsum, magnesium sulfate , 

salt, and sodium bicarbonate which underlie large areas of 

this state contaminate the wells , spri ng s and streams . 

Much work has been done to determine the toxic concentrations 

of saline and alkaline waters 1n field i r ri gation , but these 

results cannot be safely applied to g reenhouse problems 

where frequent watering, rapid evaporation and continous 

production result in a rapid i ncrease in the salt concen­

tration of the soil . The purpose of this experiment was 

to det ermine the concentra t ions at which various alka l ine 

and saline waters are toxic to typical greenhouse plants and 

to determine whether any of the salts employed have a ben­

eficial anta gonistic action when mixtures of the salts are 

used in the treatments . 

REVIEW OF LITERATURE 

Many phases of salt toxicity are discussed in a de ­

tailed review of the literature by Ahi a nd Powers (1) . 

A few facts pertinent to t his experiment will be given 

here . 
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H1lgard (16) distinguishes between two types of alkali: 

( a) "white alkali" , whic h includes one or more of such 

salts as sodium chloride , sodium sulfate., aodi um nitrate, 

magnesium sulfate , ma g nesium chloride or calcium ch loride; 

and (b) "black -alkali" ., which usually consists mainly of 

sodium carbonate . "Black a l kali" 1s more destructive, 

general l y , than "white a l kali" . 

Toxic Limits for Salinity 

The l 1m1 ts of plant to l erance for sodium carbonate , 

sodium chloride , and sodium sulfate , as reported by H11-

gard ( 16) are 0 . 1 to 0 . 25 , 0 . 3 to 0 . 5 , and 0 . 5 to 1 . 0 

per oent, respectively . The results of Hibbard (15) show 

th.at much ·snalle r amounts of various salts may be very 

injurious i n some instances , while in other cases , larger 

amounts will produce little effect . Harris ( 8) states that 

more than o . 5 per cent sol uble sa l ts where chl orides , 

nitrates , or carb.onatea predominate , and 1 . 0 per cent of 

salts predomina n t l y sulfates , were unsuited f or crop pro­

duction without reclan.ation . Bancroft { 2) found that the 

fo l lowing salt concen trations killed bean plants: 

Magnesium chlor1de ••••• 2640 
Sodium oarbonate ••••• • • 2710 
Sodium chlor1de •••••••• 3600 
Sodium nitrate ••••••••• 3700 
Sodium sulfate ••••••••• 6510 
Sodiu..m b1carbonate •••• 12300 

I 

p . p . m~ 
P • p . m. \ 

\ p. p. m. \ 
p . p . m. ' 
p . p . m. " 
p . p . m. \ 

His results indicate that ma gnesium chloride i s the most 

tox1 c and sodium b 1carbqna te is the least toxic of the 

salts studied . 

Brezaeale (4) also places ma gnesium chloride as 



'1t.- _, t•1o ot the ealta ocourr1ng in allalll. ao11. 

J1• alae stat•• that th• l!.mit of tolera.t1cs., or a plant to 

an albl1 d.ependa en the ooapoa1t1en ot the -eo1l aolutlon 

at the w1l.t1ng po:lnt ot the plant an4 D$t upon the peroen• 

ffg• ·of aalt• 1n •·· drJ ao1l. On the other b.lln4, :Kearney 

(lt) bel1evea that 1al1n•a oan be olaaa1t1•d onl7 on the 

1Mla1a of peroentagea ot aalt reterrt:4 to the 4r7 weight ot 

the aoll. lie elaea1t1•• atl:lnit.7 late ••v•n gradea 4•~•­
lng eii th• pero«ntage of . aalta. Per white alkali, he 

plaoecl tb4 .,...,tcal1oeneentrat1on at 1.0 per cent tar moat 

a._ple .t1•l4 orop• and 0.1 s,tr unt tor moat ••P•• 
H1J.alir4. (16) ata-t•4 that the pna•n•• ot salt• ln 

quantltl~a •• ln •• : BOC). to. 100 ,., ... ,.. bumtul to 
. ' ' ; . 

legmaea. l• plaota. th• 1111.it tor pow~ at ibeut 1.160 
•1 \ ' TI • 

P•P••• Qf 1total ealt.i, .at about IO(>. P•P-••• ~ ae41um. 

carbonawJ •~ at about 1199 p.p.-. ~ a0tU.U1 aultate. 

B•a«11. Cu.r'1a an4 Soe.t'lel.4 (13) tOWld ,ha\ aad.1um •r­

honate ad.cl.• to the 1011 •114 allowd \o Hain ••vea1 

•••ka 1a onl1 paJ-tlJ reooYu.4 w1tb. 1;h• •1ie:r utraot of 

tb.e eoll. 'fb.e Um1t ot tohranoe ot ,Oro,pa to aa1, wh1oh 

lt1ll•d balt ot tti, young whMt aNdlSnp •• o.et pe 

••11·t tor aulf'at••• · 

Jfarrla and. 111ituaan (ll) ~.,. poln~. _, th.a cU~•­

orepano7 b•tw•en \he aaount at: ad.cled &llrall ·-1\a and t.he 

aaoa.nii wld.oh •7 be r•aoY•r•d in th• ateJ' •xtraet dhr 

aah ad41t1ona. , 

D'one anl Wclaard (90) pew ur1eua •.mmon flo•r•• 

which were v•t;•cl wlth aoluUona of aod1a ohler1d• ooa-
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ta1ning 100, 200, 500, 1000 and 2000 p . p . m... It was 

f ound that the 200 p . p . m. and stronger so l utions reduced 

the growth of the plants , the reduction being greater as 

the conc entrations increased . The findings of Berg am 
Zimmerman (28 ) agree in a genera l way with those of Kr one 

and Weinard . 

Harris and Pittman ( 10) grew a variety of crops in 

loam soi l in tumbl ers and found that when sa l ts were 

added to the soil in higher concentrations than 4000 

p . p . m. of chlorides , 8000 p . p. m. of carbonates , and 

12 , 000 p .p.m. of sulfates satisfactory yields of ordin­

ary cro,ps could not be obtained . V'1th some crops , marked 

redu ction 1n yield was brought about by much lower 

concentrations than these . 

Harris and Butt ( 9} concluded that t he use of ir­

rigation water containing 500 p . p . m. of sodium carbonate, 

or more than 1000 p . p . m. of sodium chl oride or over 4000 

p . p . m. of sodium sulfate was harmful after two or three 

years or less . A mixture of these salts was less harmful 

than the most toxic individual salt , although more than 

4000 p.p . m. of salt mixtures proved to be dangerous . 

Lipman and a ,ssociates (21 ) who used solution cu l-

tures to grow barley, peas nnd beans, found th! t these 

plants were highly resistant to sodium chloride . They 

state trst l ow concen trations (500 to 1000 p . p . m. ) may 

depr ess growth, while higher concen trations (4000 p . p . m. ) 

may stimulate :tt . Plants madG some growth at concentrations 

as high as 10~000 p . p . m. of sodium chloride. 

From a practical standpoint a good criterion of the 
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tolerance of a plant for alkali, accordi ng to Neidig and 

Magnuson { 25), is the capacity of that plant to grow to 

matur1 ty and produce good yields rather than its response 

during the ge rminatia.'l period only, 

Factors Influencing Plant Tolera me 

It is a commonly recognized fact that mixtures of 

salts are of'ten less injurious than the i nd1 v1du al salts . 

Kearney and Harter (18) observed the fact that calcium 

sulfate diminishes the toxici t y of ma gnesium and sodium 

salts . Harris and h i s associates (9), (12) recorded 

similar observations . They (12) state however, that 

1n connection with studies on the alleviation of ble.ck 

alkali soils that "this phenomenon may be due 1n part at 

least t o the specific stimulation of plant growth by 

these substances (1 . 0 . othor salts used to reduce the tox­

icity of sodium carbonate) rather than nny anta g onistic 

action on the sodium carbonate!' They found barnyard manure 

to be a n effe ct i ve amendment on soils con t a i ning 2000 

p . p .m. or less of sodiura oarbonate and further state that 

calc 1um su.:ta.t e 1n comb ina t1 on with manure and sulphur 

was the most effe ctive corrective us ed, pi.rtlcularly on 

the more toxic black alkali soils . 

Harris (7 ) reported t h at on l y a bout half as much 

alkali is requi red to prohibit the growth of plants in 

sand as in loam. Harr i s and Pi ttma n (11) conc luded that 

loam soil :rm y be successfully f armed a t a h!.g,.'ler alkali 

content than others~ and recommended that alkaline soils 
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be kept as moist as was compatible w1 th good plant growth. 

Both Means ( 24) and Scofield ( 27) sug~e st the de­

airabi li ty of using liberal quantities of water where it 

was necessary to ap ply v.ater containing considerable quan­

tities of soluble salts. Scofield found tba t sufficient 

wa tar · should be used to lea ch the root zone and thus 

carry away the salts left by the evaporated water. In 

other words, the grea ter the salt content of the irriga­

tion water, the larger the quantities of the water that 

should be used in irrigation. 

Lipman ( 21) believes tba t the effects of sodium 

chloride upon plants may be conditioned by the climatic 

conditions of temperature, light and humidity. Ah1 and 

Powers ( 1) showed that temperature plays an important 

role in salt injury. 

Breaz ,ale (4) contends that toxicity is the function 

of both molecules and ions. He is of the opinion that 

the tolerance of a p lant to the ion or molecule depends 

on the number of times the plant has come in con ta ct with 

alkali 1n that form during their long period of adaptation. 

Harris (7) states that the anion., not the cat ion determines 

the tox1c1ty of alkali in the soil and that injury 1s not 

so marked in so1ls aa 1n solution cu ltures. 

Although osmotic pressu re has been assigned an im­

portant rol,e in salt toxicity by Greaves and Lund (6), 

they conclude that toxicity is not entirely due to os-



motic pressure , bu -lt that it 1s partly due to a phya1ologic­

al action of the substances upon the protoplasm~ changing 

1 ts chemical and physiological properties so that it can­

not function. 

PROCEDURES 

Plants 

The toim to plants used 1n this experiment were of the 

Marglobe variety . The plants were sprouted from seeds in 

flats , and later transferred to four-inch pots . When 

the plan ts were from four to six inches high they were 

transplanted in to soil filled six -inch porous cl.ay pots 

am the experimental watering initiated. The soil used 

in these experiments was co mposed of l oam and compost 

which were mixed in a quantity sufficient to last the dur­

ation of the experiment . 

Plants of uniform size ware divided into groups , each 

of which was watered wi t:t a different salt solution. The 

salts used were sodium, Il'.ll gne s1um and calcium chloride , 

sod1 um, magfles ium and calc1 um sulfate a rrl sodium. b icar­

bonate . Rain water wa s used to make the s·olutiona , the 

concentra tions of ~hich were varied by the add ition of 

250 to 7000 p . p . m. of the different salts . Control groups 

were watered with rain water . The plants were watered 

frequently to keep them moist ,- but never with quantities 

large enough to ca use l oo chlng of the soil . Pot sau cers 

ware used to guard a gainst loss of water . 

In the first experiment, the toxic concentrationct' 



each of six single salt solutions was determined by water­

ing plants with so lutions whose concentrations varied from 

250 to 7000 p . p . m • • The salts used were sodium, magnesium 

am calcium chloride , sodium and magnesium sulfate, and 

sodium bicarbonate . Later experiments were carried out 

using solutions composed of double, tertiary and quater­

nary mixtures of these six salts and of calcium sulfate 

to determine whether any of the salts decreased toxicity 

or induced beneficial ariagon1sm. 

Geranium plan ts of General Gran t variety were prop­

aga t ed from c u ttings in two- inch pots and later transferred 

to six inch pots, in which they were treated with the 

saline solutions . The d ivision of the plants into groups , 

the soil used, the me thod of preparing the solutions and 

their applica t1ons were similar to th.a methods used in the 

tonato studies, with the exception that salts mixtures 

were not used . 

Records were made of the amounts of solutions used, 

the general appearance of the plants, the len gt h of life , 

and the dry wei ghts of the plants . Chemic a l analyses were 

made of t h e plants and soils . 

sampling 

The plants were clipped off at the ground level when 

dead or at the termina t i on of · the expe riment. Aft e r 

partial drying in a dehydrator, the samples were placed 

in a drying oven at 105° C. for t wenty four hours, at the 

end of which t ime they were wei ghed • . Each sample was 

ground through a 1 m. m. scr een in a· Wiley mill , redried 

, 
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and storad for analysis. 

The soils were removed from the pots , crushed, screen­

ed and mixed, then powdered in a Braun mill, dried and 

stored. 

Method of Analysis 

Plant samples were weighed in platinum dishes and 

ashed in a muffle furnace at 500° c. for twenty-four 

hours , then cooled and weighed. The residua was treated 

with 10 ml . of hydrochloric acid, heated to boiling and 

evaporated to dryness on a steam bath~ then redissolved 

with 10 ml . (1-1) hydrochloric acid and heated to boiling. 

It was th.en filtered and washed with hot water . The res­

idue and fi 1 ter paper were pla cad in a weighed crucible 

and ignited in tbe muff le to determine silica by weight . 

The filtrate was analyzed as follows: sodium was deter­

mined by a method devised by Barber and Kolthoff (3), 

calcium by the Mccrudden method (23), and magnesium by 

the Loomis and Shull procedure (22). Soil samples were 

prepared for analysis as described by Schollenberger and 

Dreibelbis (26) . The resultant filtrate was analyzed for 

sodium, calcium, and magnesium as previously described • . 

TABULATION AND DI SCUSSION OF RESULTS 

TOMATOES 

The plants in these experiments were uniform and in 

excellent condition at the beginning of the experiment . 

Growth of t he plants was rapid at first and the salt i n ­

juries .appeared slowly. All plants treated with high con­

cen trations of salts, but eJJpecially those which received 
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sodium bicarbonate , exhibited salt injuries first . 

These injuri es marof'este d t h ew~elves i n various wa~ the 

most predominant characteristic was the yellowing and 

dying of the lower leaves·. As t h e injury became more pro .. 

nounced the upper\ leaves )a nd branches were affected. 
I \ : 

The continued addition of· the salt solutions caused these 

conditions to move progressively to the plants treated 

with the lower concentrations , 

some general observations of both plant and soi l 

conditions are listed as follows: 

1 . The plants receiving high concentrations of 

salts soon stopped growi ng , the leaves turned yellow 

and began to fall , their grov,th was s t unted and they 

died earlier than those receiving lower concentrations • 

. 2 . A dark green color was maintained by plants re­

ceiving sodi um and ma gnesium sulfate until injury was very 

pronounced . 

3 . Leaves of plants trea ted wi th chloride salts 

turned yellowish green , became very turg id , later rolled 

and t hen died . 

4 . In all cases where 1n·jury was noted · t he amount of 

water utilized by the plants was reduced. 

5 . Plants which were treated with solutions of salts 

or salt mi xtures did not wi lt as readily as the controls . 

6 . The soil rec eiving sodium bicarbonate developed 

a thick , black top crust, while tha t treated with sodium 

and magnesium sulfate t 1r n ed white . 



7. The ob erv d rder- of ecre sing toxicity w s 

as f'ollo 

eontrol . 

It may b 'b ·erved by r !erring t.o tb.e t bles that 

th e plants wer not all grown int.be same &ason . 

11 

T re 1 , ho 'fer, a surpr1s.1ng agreement 1n vie of tbe 

v r1at1ons of t.-em erature. humidit.y , 11 ht intensity a d 

other factors ,. 

The reduction of dry el.gbt of the plant i t bet 

criterion of salt inJ ry 1n tb \ it is indicative ot pl nt 

growth and reaet1on and c n be courately eaeured. 

In \hie or the mount of salt x . reesed in r rts per 

million which would reduc t he dry eig t. of the experi-

ent l pl nts to half the dry i ht of th c~ntrol plant , 

w s stablished a the oxic c ncentration. This t. x1c 

concentr tion 1 not n invariable alue and ould be aed 

only in gen r l mann r to eval ate t toxicity of al1n · 

and alkAl in · ters. 

Treat nt it Single Salt S~lut1ona 

A discussion of t11e eff ets ot e ch of the various 

s lt · will be glven in order of their d creasing t ..xic1ty, 

hich l $ho ft 1n 1 ble I . 

T BL'!? I . 

Salt 

TO .IC LI ITS OF TO ~TO LA? TS 

alt cone . ors lution. p. p . m. 

1 '750 
2000 
2300 
3000 
3500 
4000 
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NaHco3 The results of the experimental treatment of 

the tonBto plants watered with sodium bicarbona t e solutions 

are given in Table II. It will be observed that the 

application of high concentrations of the alkali salt 

caused the plants to diii quickly and that the water con­

sumption of the plants was inversely proportional to 

increased concentrations of the salt solutions ap plied. 

The dry weight of the plant was sharply decreased by the 

addition of low (250-500 p . p . m. ) concentrations of the 

alkali salt , as is shown by Figure 1 (A). At a concen­

tration of 1750 p . p . m., the toxic point, the dry weight 

of the plant was reduced to half that of the control . 

The addi tion of small amounts of sodium bicarbonate 

produced a decrease in the ash content of the plants 

but above 1000 p . p . m. the ash content increased sharply 

and then decreased . 

The decrease in the ash content o f the plants which 

were a tered with h igh concentrations of salt may be 

explained by the increased pH values in the soil . This 

condition would tend to produ ce ins oluble mineral compounds 

which were not readi ly available to the plant. The sod­

ium content ncreased ra pidly and continously as the con­

centration of the salt soJuti ons was increased until the 

salt application r ea ched a concentration of 3000 p.p . m., 

but from 3000 to 7000 p .p.m. the sodium content of the 

plant tended to decline from its maximum value . The 

calc1um content of the plant was decrease d from one-

third to one-half that of the control in nearly all cases. 

This decrease in calciummy be attributed to the increased 



FIGURE I . Graphs showing the Dry Weight 

of Toma to Plants , their percen-

tage of Ash and Constituents of 

Ash , and the Soil Salts . * 

( dry basis) 

* The sum of t he percenta ges of calcium chloride , 
magnesium sulfate , and sodium chloride calculated 
from the amounts calcium, magnesium and sodium 
found in the soil . 
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TABLE II. ANALYSIS OF TOMATO PIANTS WATERED WITH SINGLE SALT SOLUTIONS (dry basis) 

: • : Water Consump- : Weight per: • : • • • • 
salt :Concantrat1on:E.xper1mental : tion per plant: plant • % : % : % : % • 

: P.P. M. :Period (days): (gallons) : (gms.) : Ash : Ca : Na. : Mg 

Control 151* 5.4 ) 14.90 a 19.75 2.38 .515 . rt'36 
Cont:rol 198* 8 .0 21.63 b 12.50 2.35 .429 .625 

NaHco3 250 71* 3.1 12.25 a 16.00 2.10 1.15 
NaHco3 500 88* 3.9 10.96 a 16.36 1.58 2.49 
NaHC03 1000 99L 4.0 9 .23 a 19.55 1.23 3 .62 
NaHCO'it 1500 73 .... 3.4 8.09 a 19.14 o.95 4.os 
NaHcoy 2000 47J. 2.3 7 .17 a. 24.50 1.16 4.11 
NaHCo~ 2500 381. 1.9 4.46 a 25.34 1.02 5.30 
NaHC03 3000 78 ... 1.6 5 .82 C 24.51 l.69 5.69 . -56 
NaHoo3 5000 481. .9 . 4~19 C 23.24 1.60 4.98 .61 
NaHC03 7000 441. .7 2.93 C 22.47 1.43 5 .66 .65 

NaCl 250 71* 3.3 9.2b a 17.89 2.26 .736 
NaCl 500 71* 3.2 9 .23 a 17.24 2. 02 1.22 
NaC l 1000 79L 3.6 8 .42 a 28.38 2.50 3.95 
NaCl 1500 75L 3.5 7 .72 a 35.47 2.29 7 .96 
NaCl 2000 751. 3.4 7 .61 a 40.67 2.03 9 .30 
NaC l 2500 73J. 3.1 6.12 a. ·39.15 2.16 9 .13 
NaCl 3000 931. 2.3 6a l8 C 40.81 2.57 8 .92 . 68 
NaCl 5000 89L 2.1 5 .67 C 42.99 2.07 8 .52 .65 
NaCl 7000 781. 1.5 3 .86 C 41.65 2.00 8 .14 .71 

MgC 12 1000 1981. 5 .8 16.60 b 16.20 2.13 .359 3.55 
MgC ~ 2000 198.L 4.6 12.00 b 16.91 1.72 .23 1 3 .61 
MgC 12 3000 105.L 2.2 6.14 b 25.35 2.06 .362 4.51 
MgC l2 3000 951. 1.9 7 .28 C 25.37 1.79 .653 4.-81 ... 
MgC l2 5000 78.L 1.6 5.02 o 27.21 2.38 .413 5.13 Ci 

MgC12 7000 78.I. 1.5 4.14 o 27.66 2.13 .340 4.71 



TABLE II (Continued) 

: C-oncaiitra tfon : Expe~rTmental: Water C onsump-:Welght per : • . • . • . 
Salt : p . p . m. . Period ;tlon per plant: plant • % ' % • ~ : . % • • • • . . (dais ) : ( sallons ) : ( sms . ) : Aah : Ca • Na : Mg • • • 

cac12 250 88* 4 . 3 12 . 83 a 20 . 35 2 . 01 . 347 
CaCl2 500 71* 3 . 3 12 . 60 a 18 . 70 1 . 82 .196 
cacl2 1000 7Ht- 3 . 6 10 . 65 a 23 . 52 2 . 55 . 202 
cac 12 1500 88* 3 . 4 12 . 47 a 29 . 30 4 . 24 . 321 
cac l 2 2000 8'7 " 3 . 9 12 . 23 a 33 . 05 4 . 89 . 316 
CaC l 2 2500 7'7 L 3 . 1 11 . 58 a 35 . 76 5 . 44 . 339 
cac12 3000 88 &. 2 . 0 '7 . 31 C 36 . 25 a . 02 . 544 . 57 
cac 12 5000 86&. 1 . 8 5 . 38 C 39 . 40 8 . 93 . 305 . 48 
cac12 7000 68L 1 . 6 4 . 13 C 37 . 22 8 . 22 . 276 . 54 

Na2so4 3000 98 '- 3 . 4 7 . 79 o a3 . 21 1 . 73 4 . 87 . 65 
Na 2S04 5000 1011. 3 . 2 6 . 56 C 29 . 47 1 . 60 5 . 29 . 60 
Na2S04 7000 991. 3 . 1 5 a66 C 34 . 02 1 . 70 7 . 09 . 53 

MgS04 1000 198'- 6 . 3 16 . 70 b 15 . 53 1 . 11 . 650 2 . 53 
MgS04 2000 198L 6 . 2 16 . 23 b 15 . 97 1 . 02 . 631 2 . 82 
MgS04 3000 141L 4 . 0 13 . 93 b 19 . 87 1 . 11 . 271 3 . 25 
MgS04 3000 l 39L 3 . 8 15.47 a 28 . 34 1 . 01 . 417 3 . 97 
MgS04 5000 l26L - 5 . 6 5 . 99 C 25 . 82 . 95 . 318 3 . 88 
MgS04 7000 lOlL 1 . 7 3 . 45 C 24.96 .s1 . 229 4 . 73 

* plants al 1 ve 
L plant s dead 
a plants grown in summer 1936 
b plants grown in winter 1937 
C plants grown in summer 1937 

f,J 
~ 



TABLE III. ANALYSIS OF SOILS WATERED WITH SINGLE SALT SOLUTIONS ( Toma. to) 

: concentratron s I : : Sum of calculated 
salt • p . p.m. : % • % • % : salts - Cacl2 , MgS04 • • • 

• • Ca . Na • M~ • Nacl • • • • • 
Control .205 .026 .046 . 85 
control . 205 .024 .032 . 78 

NaHC03 250 .077 .036 
NaHC03 500 .073 .064 
NaHco3 1000 .082 .0'78 
NaHco3 1500 .076 .085 
NaHC03 2000 .068 .062 
NaHco3 2500 .056 .082 
Na HC03 3000 .208 .181 .043 1.25 
NaHco3 5000 .217 .216 .041 1 .35 
NaHC03 7000 .185 .211 .031 1.20 

NaCl 250 .086 .034 
NaCl 500 .092 .055 
NaCl 1000 .085 .099 
NaCl 1500 .087 .126 
NaCl 2000 .089 .158 
NaCl 2500 .097 .160 
NaCl 3000 
NaCl 5000 
NaCl 7000 .178 .50 .030 1.91 

MgCl2 1000 .141 .025 .14 2 1 .15 
Mi;Cl2 2000 .118 .019 .149 1.12 
MgC12 3000 ,168 .015 . 253 1.76 
MgCl2 3000 .123 .027 .188 1.34 
MgCl2 5000 .145 .022 .241 1.65 
MgCl2 7000 .141 . 025 . 282 1.84 .... 

C11 



TA BLE III . (Continued ) 

• • • . 
Salt : Concentration: % 

: p. p.m. • Ca . 
cacl2 250 . 117 
cac12 500 .149 
CaCl2 1000 . 176 
cac12 1500 . 189 
CaC 12 2000 . 219 
cacl2 2500 . 248 
CaC12 3000 . 426 
cac12 5000 . 476 
cacl2 7000 . 670 

Na2S04 3000 . 154 
Na2so4 5000 . 131 
Na 2so4 7000 . 139 

MgS04 1000 . 179 
MgS04 2000 . 190 
MgS04 3000 . 156 
MgS04 3000 . l.60 
Mgso4 5000 . 120 
Mgso4 7000 . 139 

: • • 
I % ~ % 
• Na : Mg . 

. 011 

. 013 

. 015 

. 013 

. 013 

. 015 

. 018 . 025 

. 024 . 019 

. 025 . 022 

. 162 . 023 

. 197 . 017 

. 229 . 020 

. 019 . 115 

. 016 . 167 

. 015 . 159 

. 021 . 137 

. 019 . 261 

. 018 . 353 

: 
: 
·• • 

Sum of calculated salts 
Caol2, MgS04 , NaCl 

1 . 33 
1 . 47 
2 . 15 

, 95 
. 94 

1 . 06 

1 . 12 
1 . 39 
1 . 25 
1 .17 
1 . 6'7 
2 .17 

I-' 
O') 
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pH values of the so.11 which favor ed the fonna tion of 

insoluble caclium carbonate . 

NaCl - Table II and Figure 1 (B) show that h igh 

concentrations of sodium. chloride d i d not cause a 

sharp reduction 1n the length of life of the plant, 

al though increa sad cone en tra t ions of t he salt decreased 

the water consumption of t h e plan t . 

The dry wei ght of the pl ant decreased very sharp l y 

in that 250 p . p . m. of the salt produced a reduction of 

over one-third t hat of the control . The toxic concen tra -

tion of sodium chloride was found to be 2000 p . p . m •• 

The ash content of the plants treated witn sodium 

chloride increased very rap i dly and in plant s watered 

with h i gh con centrations of salt solutions reached the 

exceEH~ ing l y high value of twi ce that of the control plant a 

The sodium content increased rapidly, the sharpest slope 

of the curve occurred between concentrations of 1000 to 

2000 p . p . m. of the salt . The largest increment in the 

sodium c ontent of the plants occurred at approximately 

the toxic concentration of the salt . The calcium content 

of the plants remained rather constant but was less than 

tmt of t ha controls . This does not a gree with the work 

of Carolus ( 5) who found that t h e sodium 1on was beneficial 

in the absorption of calcium by the bean p l ant . 

Plants watered with magnesium chloride so l utions 

died earl ier than the controls and consumed decr easing 

amounts of water as the concentration of the salt was 

increased . 
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Figure 1 (C) shows that the ry weight decreased rap­

idly w1 th the application of magnea.ium chloride solutions 

up to a concentration of 5000 p . p.m •• 

tra t1on of this salt was 2300 p . p ~m •• 

The toxic cormn­

The ash content 

increased with the application of higher concentrations 

of magnesium chloride ., the largest increment occurring 

between 2000 and 3000 p . p . m. of the salt . The magnesium. 

content of the plant increased to six times that of the 

control with the application of a nagnesium chloride sol­

ution containing 1000 p . p . m. of the salt , and re8 ched even 

larger va l ues with application of solutions which contained 

higher concentrations of the salt . The ca l cium and sodium 

content of the plants did not undergo marked changes as 

the salt concentration was increased . 

Table II shows that treatment with calcium 

chlorid e solu tions produced no uniform reduction in the 

l ength of life of the plant a l though it caused a rather 

gradual reduction 1n the water consumption. The growth 

curve represented by the dry weight of the plants 1n 

Figure 1 ( D) shews 1rregular1t1es but 1n all cases the 

weight of the control exceeded that of plants treated with 

the sa. lt solutions . 

A concentration of 3000 p . p . m. of calcium chloride 

solution proved to be toxic to the pl ant . The percentage 

of ash of these plants inc,·eased rapidly and maintained 

high values when treated with increased concentrations of 

the salt . The trend of the 01.:.rve of the calcium percen­

ta ges was si mi l ar to that of the ash conten t of the: plant . 
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Plants treated with the three highest concentrations of 

calcium chloride bad a · calcium content thr ee times that 

of ' the control plants . The sodium ccntent was slightly 

depressed by the addition of calcium chloride . 

Na2so4 The sodium sulfate expe r iment revealed no 

marked ch a nges in the length of life of t h e p l ant or in 

the water consumption of the plant as is illustrated by 

the data pres anted in Table II ; Figure l ( E) shows a 

gradual declination in the dry wei ght of the plant . The 

toxic concentration of sod1.um sulfate was 3500 p.p . m •• 

The ash con tent of t h e plan ts showed a gradual increase 

as t he ~lt concentrations were increased . 

It is interesting to note that plants treated with 

either the sodium ion, t he chloride ion or bot h . had the 

highest percentages of ash, with the exception of Kag­

nes1um chloride . 

The sodium content of the, p lants increased rapidly 

w1 th the inc :rna s ed cone en tra t 1 on s of sod ium s ,1 1.f at e and 

at 7000 p . p . m. of the salt reached a value fourteen times 

the sodium content of the controls . The calcium content 

of the p lants was depre ssed by th e addition of the sa lt . 

An expl.o. ation of this may be tba t the solubility o.f 

calcium sulfate is rather limited ond the excess sul­

fate ion present in the sol ution favored . the produ ction 

of l nsoluble calcium sulfate which reduced the a va ilability 

of th e calcium to the p lant . The magnesium content remained 

consta nt even w1 th the application of the highest concen-
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tration of salts. 

The application of increased concentrations of 

magnesium sulfate to the tomato plants produced a more 

gradual reduction in the growth of the plants than did 

the application of any of the other salts . This is 

shown by the plotted values of the dry eights in F igure 

1 ( F }. The toxic concen tration of magnesium sulfa t e was 

approximately 4000 p . p . m.. The ash content of the p l ants 

increased rapidly with the increased salt concentration 

of the solution applied, however above 3000 p . p . m. of the 

salt there was a slight decr ease in the ash content . 

The nlilgnesium content of the plants increased graduall y 

and at its maximum alue contained eight times the amount 

present in the control plants . The calcium content was 

depressed by the addition of incr eased amounts of magnesium. 

sulfate . This can be explained b y the relative insol­

ubility of th e calcium sulfate and by the fact that calcium 

and magnesium have similar properties and are closely 

related in the periodic table of e lements . It is therefore 

possible that the pla n t may unselectively absorb the 

magnesium in preference to the calcium which is relatively 

una vailable . This latter e xplanation may be supported by 

the work of Hurd-Karrer ( 17) on unselective absorption . 

The sodium content of the plants was slightl y de ­

creased by the application of magnesium sulfate. 

Table III presents the percentage of calcium, sodium, 

and rragnesium as found (by analysis) in the soil and the 
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sum of the <l&loula tad percentages of' calcium chloride., 

criodi.um c.i.'1.loride and magnesium sulfate. Pigure l {C), 

(D), (E} and (F) shav s the sl1ms of these salt S! plott~d 

against the increased salt concentrations of the d:ti':rerent 

$Olutions. :F'rom these curves the tox:tc concentration of 

the sums of the soil salts can be evaluated from the 

established tox:tc concentrations of the salt solutions. 

The· point of intersection of the ordinate of the toxic 

concentl"a.tion of' salt solutions and the soil salts ow.Ve$ 

gives the toxic percentages of soil salt. 

A comparison of the toxic salt solution conoentrat1ons 

and the toxin percentages oi' soil salts is as follows: 

salt 

1VIgCL.z 
cac12 
WagS04 
MgS04 

Toxic salt solution 
concentration in p.p.m. 

2300 
3000 

·3500 
4000 

Toxic percentages 
of soil sa. lts 

l 0.l8 
1.26 

.94 
1.42 

Tha rating of toxicity by the percentages of s,oil 

salts is in good agreement with the toxic rating of salt 

solution concentration., with the e1tception of' s.odium sul-

fate. 

Using the methods of so11 !itnalysis previously dG­

seribed~ and the same arbi tre.ry standards f"or oaleulatio:n 

of the soil ·salts this procedure may prove to be of value 

in determining whether or not a soil w1ll permit successful 

greenhouse produoti on. 

Treatment With Salt Mixture solutions (Tomatoes) 

The data presented .in Table IV are the exparimental 

results obtained with tomatoes grown in soil and watered 
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with various salt nix.ture solutions . The sa l t mixtures 

and their concentrations a.re arrange d 1n the table in 

order of their increasing toxicity as measur£d by the dry 

weight of the plant. Ta.ble V presents the data g5.ving 

the reults of the analysis o~ the soils 1n which these 

tomato plants ware grown . 

Tbs fol l owing f 3 cts were observed from the results 

of this experiment . 

(1) Magnes i um sulfate was the least t oxic of the 

salts used . High concentrations of magnesium su lfate 

in the salt mixtures caused less reduction in the dry 

weight of the plant than did equal amounts of other salt 

mixtures . 

(2) Salt mixtures composed predominantly of one 

salt {3000 p . p . m. ) were genera lly mo re toxic than those 

of equal concentrat1 ons tmt were composed of eq :J.al 

amounts of two or more salts . 

( 3) Serl ium chlor1cte toxicity was not appreciably 

re due ed by the ad' i tion of othe r salts . Sodium chlor ide 

did not caus6 the plants to die qu ickly but it produced 

narked stunting of plant growth. 

( 4) Plan ts treate d with salt m1xtures which contained 

as one of its components 3000 p . p . m. of sodium bicarbonate 

had a short life period ~ Calcium sulfate produced a marked 

reduction in sodium uicarbonate toxicity when these two 

salts were used in a binary mixture . 



TABLE IV. ANALYSIS OF TOMATO PLANTS WATERED WITH SALT MIXTURE SOLUTIONS 

Experimental Period - March 26 to July 28 1 1938 

Salt and Cono. in =nurat1on of 1H1o added per:Dry wt. :% :% :% : % 
Thousand p.p.m. =Expr . 1n da .:p ant (gal.) 1 Par plant =Aah • : Na : Mg ·ca 

• • • • • • • • • • • • • , 
Control 124* 6.5 15.89 24.48 2.86 .52 .787 
3 Mgso4 l cac12 112 3.8 13.89 23.811.83 .53 4.23 
1.5 Mgso1 1.5 Na2S04 124* 3.8 13.45 33.92 1.36 3~68 2.02 
3 MgSO! Na2s04 114 2.5 13 .14 28 .13 1.05 2.28 3.33 
1.5 Mg 04 l.5 Na2S04 1 CaS04 124* 4.0 11.75 29.74 1.78 3.74 2.38 
1 NaC l 1 cac12 l M:gCl2 113 3.3 11.34 40.24 5.68 5 .09 1.25 
1 NaCl 2 cac 12 1 caS04 108 3 .3 10.30 43.92 8 .54 3 .62 .655 
2 NaCl l MgC lI 1 CaS04 113 3 .3 10.25 39.12 3. 55 6.75 1 .92 
2 CaCl2 1 MgC 2 112 3.5 9.99 38 . 07 7 .93 .69 2.15 
3 MgS04 l CaS04 100 2.7 9.86 29.27 1.30 .56 4.55 
2 CaCl2 1 NaCl 110 · 3.5 9.52 44.94 8.25 .48 _.734 
2 MgCl2 l NaCl l CaS04 ll3 2.7 9.32 36.55 3.55 3.82 3 .62 
3 CaCl2 1 Na2S04 J.09 1.7 9.28 42.42 8 . 57 3.62 .907 
1.5 NaCl 1.5 GaCl2 107 1.8 8.98 40.66 6.36 5.09 .936 
2 MgCl2 1 cac 12 117 3.7 8.'75 32.84 5.13 .97 3.72 
2 Nacl 1 caclI 1 CaS04 103 2.6 8.55 45.51 6.14 7.92 .712 
2 MgCl2 1 cac 2 1 caso4 100 2.5 8.44 35.04 5.74 .52 2.96 
2 cacl2 l MgCl2 l caS04 94 2.3 8.30 40.33 8 .37 .46 2.03 
3 ua2S04 1 CaC l2 117 3.5 8 .28 39.51 2.49 9.58 .338 
3 NaHC03 1 CaS04 80 2.0 8 .26 26.64 1.61 6 . 85 .635 
3 Na2so1 l caso4 115 2.7 8 .03 39.48 l. 64 9 .18 .• 528 
2 NaCl cac12 113 3.3 7.92 41.96 5.18 7.36 .664 
1.5 cac12 l.5 MgCl2 1 CaS04 106 1.3 7.75 35.23 6.29 .59 2.08 
2 Nae 1 1 MgCl2 112 3.3 7.55 36.78 2.31 7 .21 2.26 
1 NaCl l CaCl2 1 MgCl2 J. caS04 113 3.2 7.37 38.26 5.75 3.70 1.70 
1.5 CaCl2 1.5 MgCl2 92 2.3 7.22 35 .• 66 6 .• 12 1 .• 08 2 .• 18 

ro 
~ 



TABIE IV . ( continued ) 

sa l t and cone . in =nuration of :RIO added per: Dr y Wt . : % t % t '% 
thousand p . p . m. 1Expr . in da . : pant (gal . ) =Per Plant = Ash : Ca : Na 

: : : : : • • 

2 MgCl ~ 1 NaCl 106 2 . 7 6 . 97 32 . 32 2. 36 3 . 06 
3 lTaHC l cac 18 97 1 . 4 6 . 70 27 . 72 1 . 66 6 . 38 
3 MgC l2 1 Na2S 4 97 2 . 3 6 . 41 30 . 80 2'-.30 2 . 45 
1 . 5 NaCl 1 . 5 Cac 12 1 caso4 83 2 . 3 6 . 30 39 . 63 6 . 56 4 . 44 
3 M~ l 2 1 CaS04 77 1.7 6 .17 31 . 21 3 . 97 1 . 04 
3 MgCl2 l CaCl2 103 2 . 5 6 . 05 31.24 4 . 25 . 59 
3 Nac l l Na2S04 104 2 . 7 5. 99 41. 57 2 . 27 10 . 09 
1 . 5 NaC l 1 . 5 MgC l 2 87 2 . 7 5 . 91 34 . 06 2 . 54 4 . 68 
3 cac12 l caso4 67 1 . 5 5 . 62 40 . 44 9 . 67 . 85 
1 . 5 NaCl 1 . 5 MgCl2 1 CaS04 75 1 . 9 5 . 40 46 . 72 2 . 68 11 . 28 
3 NaHCOt 1 Na2so4 39 1 . 2 5 . 07 29 . 17 1 . 98 8 . 66 
3 NaCl CaC l 2 68 1 . 7 3 . 66 43. 28 4 . 31 8 . 23 

* Only plants alive. 

t 
• • 
: 

% 
Mg 

3 . 49 
. 645 

3 . 96 
1 . 26 
4 . 36 
4 . 02 

. 725 
3 . 49 

. 884 

. 852 
1 . 02 

. 859 

" 

l\i ,,. 



TABLE V. ANALYSI S OF SOILS WATERED WI TH SALT MIXTURE SOLUT IONS ( Tona to) 

• t % : % : Salt and Qoncen . in .% : : 2 Sum of calculated salt s 
thousand p.p. m. ;ca • Na : Mg : CaC12, MgS04 , NaCl • 

control • 234 .044 .052 . 98 
3 Mgso4 1 cac l2 .503 .026 .208 2 .47 
1.5 MgS04 1 . 5 Na2S04 .225 .225 .166 2 .01 
3 Mgs04 1 Na~so .211 .127 .045 1 .12 
1 . 5 MgS04 1 • . Ni2S04 1 CaS04 .458 .162 .099 2 .16 
1 NaCl l cac l 2 l I'J'IgCl2 .267 .119 .088 1 .47 
1 NaCl 2 CaCl2 1 CaS04 . 507 .142 . 042 1 . 96 
2 NaCl 1 MgCl2 l Cas04 . 254 . 159 .096 1 .58 
2 cac12 l MgC12 . 33'7 .030 .094 1 .46 
3 MgS04 1 CaS04 .446 .040 . 389 3 .26 
2 CaC l2 1 Ne.cl . 383 • 126 

. 
.045 1 .60 

2 MgClz l NaCl 1 CaS04 .203 . 109 .140 1.53 
3 cacl2 1 Na2so4 . 501 . 134 .173 2 .57 
1 . 5 NaCl 1.5 CaCl2 .326 .168 . 050 1 .58 
2 MgC l2 l CaCl2 .219 .062 .138 1.43 
2 NaC l 1 Caal 1 Cs.S04 . 370 . 201 .014 1 .60 
2 MgC 12 l Cac l 2 l CaS04 .394 . 034 .18 8 2 .10 
2 CaC18 l MgCl2 1 CaS04 .. 496 . 032 .104 1 .96 
3 Na2s 4 1 CaCl2 . 381 .520 .033 2 .53 
3 NaHC03 1 CaS04 .233 . 238 .053 1 .40 
3 Na2S04 1 CaS04 .410 . 516 .070 2 .79 
2 NaCl 1 cac l2 . 304 .216 .064 1 . 71 
1.5 cacl2 1.5 MgCl2 l' CaS04 .443 . 03:3 .209 2 .34 
2 NaCl l MgCl2 .157 .162 .112 1 .39 
1 NaCl 1 cacl2 1 MgCl2 1 CaS04.l28 . 378 1 . 61 
1. 5 Ca Cl! 1. 5 MgC 12 . 354 .036 .131 1.71 

t\'.) 
2 MgClO NaCl .167 .122 .155 1 . 54 en 
3 NaHC 3 1 cac12 .320 .445 .045 2 . 23 
3 MgCl2 1 Na2so4 .199 .090 .199 1 . 77 



TABLE V. (Continued) 

salt and Conoen . in : % : 
thousand p.p . m. : Ca : 

: : 

1 , 5 N&Cl 1 . 5 CaCl2 1 CaS04 . 486 
3 MgCl2 l Co.S04 . 252 
3 MgCl2 1 CaCl2 . 255 
3 Nae l 1 Na2S04 . 203 
l . 5 NaCl 1 . 5 MgCl 2 .177 
3 Co.Cl2 1 CaS04 . 533 
1 . 5 NaCl 1 . 5 Mgc l2 1 CaS04 . 293 
3 NaCl l .CaS04 . 277 
3 NaHcoi 1 Na2so4 . 209 
3 NaCl CaCl2 . 291 

% .. % • 
Na : Mg . : 

. l?l . 148 

. 035 . 279 

. 034 . 231 

. 355 . 038 

. 151 . 156 

. 035 . 055 

. 154 . 145 

. 031 . 046 

. 233 . 030 

. 2r;9 . 108 

: 
• • 
• • 

Sum of calculated salts 
CaClg, MgS04, NaCl 

2 . 50 
2 . 16 
1 . 93 
1 . 65 
1 . 64 
1 . 82 
1 . 91 
1 . 07 
1 . 32 
2 . 05 

to 
~ 
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( 5) The :1.norea sed total percentage of so11 salts 

which was necessary to cause death of t.11.e plants indicates 

a beneficial 1on anta gonism or buffering of the salts. 

This is 1n accord wtth the col'lID.only recognized fact that 

salt mi.xtures are not as toxic as sing le salt solutions . 

In Tabl e VI are presented the r esults of the second 

experi ment with tomato plants treated with various salt 

mixtures , This experiment was carried out t o determine 

whether one of the seven salts used would reduce the 

toxicity of any of t he remaining s i x salts when added to 

a s i ngle salt solution . Such a rec uction might be ef -

feoted by the bufferi ng action of t he salts or by b ene­

ficial antagon ism. 

The fo llowing procedure was used to determine which 

salt possessed the greatest buffer capacity as measured by 

the redu ction of the t oxicity of another salt. In this 

experiment each series consist d of three plants each and 

was treated with a different salt soluti on . Six series 

of plants were t r eated with solutions which contained 3000 

p . p . m. of calcium, magnesium and sodium chlorides, sodium 
t 

bicarbonate and agnesium and sodium sulfates .- Six series 

of plants wera treated with solutions which contai ned 4000 

p . p . m •. of each of these six salts . The solutions used to 

determine the reduction of t~~iclty of sodium bicarbonate 

.1. Calcium sulfate oo-uld not be u sed as its maximum 
solubility is 1723 p . p.m •• 



TABLE vr . 1\NALYSIS OF TOMATO PLANTS WATERED WI'lli SALT MIXTURE SOLUTIONS 
Experimental Period - .Augu st 19, 1938 to May 26, 1939 

1Durat1on of : H20 added! Dry Wt . : % I ' : salt and Cone. . % . % ~ : • • in thousand p . p . m. !Expr . (days) !Pfr £1ayt ! per plant! Ash Ca • Na • 
·- · • ga s. • • : : : 

control .', 28Q-St- 11.9 20.94 16.89 2 . 60 . 232 . 783 
3 NaHC03 54 1.7 2 . 52 22 . 76 1.39 3 . 67 . 511 
4 NaHC03 58 2.1 2 . 36 24 .02 1.45 4 . 06 . 542 
3 NaHC03 l Nae l 80 2.4 3 .22 34 . 97 1 . 52 7 . 46 . 764 
3 NaHC03 l Na2S04 67 2.3 2 . 91 28 . 64 1.39 6 . 53 . 681 
3 NaHC03 l cac12 184 4 . 2 5 . '75 36 . 64 1 . 76 7 . 57 .646 
3 NaHC03 1 MgS04 136 5 . 0 6 .19 25 . 82 1 . 09 5 . 46 . 987 
3 NaHC02 1 MgC l2 160 3 . 5 6 . 45 31 . 80 1 . 55 6 . 80 1.44 
3 NaHC03 1 Caso4 131 3 . 7 5 . 46 34 .13 1.82 3 . 87 . 581 
3 NaCl 197 4 . 8 8 .12 36 . 20 2 .17 5 . 39 •• 550 
4 NaCl 129 3 . 2 4.70 46 . 97 2 . 30 10.87 . 838 
3 JilaCl .1 NaHC03 102 2. 6 3.56 43 . 62 2 .14 10.39 . 808 
3 Nae l 1 Na§S04 139 3 . 3 4 . 23 45 . 21 2 .27 10.15 . 764 
3 NaCl 1 ca 12 170 3 . 7 5 .29 44 . 95 3 . 92 5 . 86 . 655 
3 Nae 1 1 MgS04 193 3 . 5 . 5 . 90 43 . 53 2.26 7 . 48 1 . 90 
3 Nae 1 1 MgCl2 143 3 . 6 4.82 41 . 08 2 . 39 6 . 46 2 . 04 
3 NaCl l CaS04 208 5 .1 '7 . 44 41 . 81 3.58 '7 . 52 . 616 
3 Na2S04 252 5 . 0 5 . 30 32 . 23 1 . 57 4 . 73 . 668 
4 Na 2S04 269 6 . 0 6 . 87 30 . 32 1.23 4 . 47 .703 
3 Na2so4 1 NaHC03 264 6 . 4 8.'73 30 .19 1 . 54 6.'72 . 655 
3 Na2so4 l NaC l 257 6 . 1 9 . 42 45 . 94 1.92 8 . 59 .856 
3 Na2S04 1 CaC!2 224 5 . 1 10 . 62 34 . 73 2 . 75 5 . 69 .607 
3 Na2Sv4 1 MgS04 265 7 . 5. 8 . 35 26.68 1 . 12 3 . 32 1 . 54 
3 Na 2so4 l MgC ~ 249 5 . 1 '7 . 28 40 . 60 1.74 5 . 16 2 . 42 
3 Na2S04 1 CaS04 280* 7.3 8 . 81 25 . 63 2.64 2 . 64 . 731 
3 cac12 262 . 6 .0 9 .28 32.34 7 . 30 .198 . 550 ro 

O> 



TABLE VI . ANA LYSIS OF TOMATO PI.ANTS WATERED WITH SALT MIXTURE SOLUTIONS 

Salt and Cone . 
in thousand p.p . m. 

4 cac12 
3 Cacl2 l NaHC03 
3 cac 12 l NaCl 
3 CaCl2 l Na2S04 
3 CaC l 2 l MgS04 
3 Cacl2 l MgClg 
3 CaCl2 l CaS04 
1 . 5 NaCl 1 . 5 MgS04 
1 . 4 NaCl 1 . 6 CaS04 
1 .8 Na2so4 1 . 2 MgC12 
1 . 7 Na2so4 1 . 3 cac12 
1 . 5 cac12 1 . 5 vi.gso4 
1. 2 MgCl2 1 . 8 CaS04 
3 MgS04 
4 Mgso4 
3 MgS04 
3 MgS04 
3 MgSO 
3 Mgsol 
3 MgS04 
3 MgS04 
3 MgCl2 
4 MgCl2 

l Nanco3 
l 1.;racl 
l Na2S04 
1 CaCl2 
l MgCl2 
l CaS04 

3 MgC l2 1 NaHC03 

!Duration of 
1Expr.. (days) 

172 
237 
177 
225 
199 
213 
235 
245 
236 
201 
223 
239 
28CXt 
280* 
280* 
280~1-
215 
280* 
276 
241 
280* 
178 
183 
200 

3 . 6 
6 . 2 
5 .1 
4 . 9 
3 . 8 
5 . 3 
5 . 3 
6 . 3 
5 . 1 
4 . 4 
5 . 3 
5 . 3 
5 . 8 
6 . 5 
5 . 9 
7 . 3 
3.9 
5 . 3 
6 . 3 
5 . 2 
6 . 0 
3.8 
3 . 5 
4 . 0 

: :o1 Sot : of :Dry Wt . 2 ;o :10 : ;o 
• : % 
:Mg : Per Plant ,Ash 1ca : Na 
• 

6 . 03 
9 . 58 
6 . 40 
9 . 85 
8 . 22 
7 . 37 

10 . 79 
8 . 82 
9 . 62 
8 . 14 

10. 76 
10. 37 

9 . 16.L 
12 . 06 
11. 00 
10 . 60 
13 . 28 
11.40 
15 . 17 
10 . 47 
14 . 33 

7 . 66 
8 . 22 
7 . 06 

38 .66 8 . 64 .291 .673 
35. 80 7 . 49 1.33 .642 
37 . 33 7 . 62 1 . 76 .633 
40.83 7 . 01 1.48 .546 
33. 39 6 . 27 . 236 1 . 56 
34 . 54 6 . 34 .163 1 . 59 
41 . 53 9 . 24 . 313 .590 
31 . 95 2 . 17 2 . 55 2 . 89 
32 . 69 4 . 40 3 . 21 .~51 
32 . 24 1 . 58 3. 82 2 . 54 
32 . 37 4 . 58 3 . 90 .764 
29 . 26 3 . 8 8 .274 2 . 87 
27 . 96 3.93 .192 3.29 
17 . 85 .67 .178 2.67 
20 . 02 .92 . 110 3.04 
22 . 18 . 72 1 . 41 3.63 
27 . 97 1 . 18 1.65 3 . 87 
31 . 08 . 71 2 . 22 3 . 60 
27 . 85 2 . 32 .255 4 . 54 
24 . 41 1 . 31 .176 4 . 71 
22 . 05 1 . 05 . 150 3..62 
24 . 54 1 . 73 .261 4.84 
25 . 00 1 . 7 2 . 270 4 . 99 
25 . 97 1.74 1.29 4 . 22 

* Only planta alive. 

ro 
~ 



TABLE VI. (continued) 

salt and cone. in 
thousand p.p.m. 

: Duration of : HO added: Dry wt . : % : % s % : % 
: Expr. in days: ,P~r plant: per plant: ... sh : ca : Na : Mg. 

3 MgC 12 l NaCl .138 
3 MgC l2 1 Na2SG4 167 
3 Mgc12 l cac12 162 
3 MgC l2 l MgS04 138 
3 MgC12 l Caso4 170 
1 NaCl l cac l2 l MgCl2 259 
l Nae l l cacl2 l NaS04 227 
l NaCl l caClz 1 MgS04 235 
l Nae 1 l Cao~ 1 CaS04 200 
1 Nacl 1 cac l 1 Nanco3 229 
1 Cac12 1 MgCl2 1 Na 2S04 238 
1 cacl2 1 MgC l2 l MgS04 234 
l CaCl2 l MgO lz l NaHC03 228 
l CaCl l MgC l2 l CaS04 214 
1 Mgc 12 l Na2S04 1 NaCl 181 
l MgC l2 l Na2s04 1 MgS04 242 
1 MgC l2 1 NazS04 l NaHC03 2lO 
l MgCl2 l Na2S04 1 caS04 221 
l Na2S04 l MgS04 l NaCl 241 
l Na2so4 l Mgso4 1 cac 12 239 
l NazS04 1 Mg$04 1 NaHC03272 
l Na2S04 l MgS04 l CaS04 272 
3 NaHC03 + H3Po4 until 
neutral 110 

l NaHco3 l NaCl 1 cac 12 252 
l CaS04 280* 
sat. caso4 280* 

• {,i,..,·, .. ' -----.--------- ' c- w u • I ------.-------.--- - - -----.-

2,7 
3,3 
3 ,3 
2 . 6 
3,0 
6 , 2 
4 . 3 
3 . 3 
3 . 7 
4 . 9 
4.4 
4 . 7 
5 . 3 
4 . 0 
3 . 9 
5 . 3 
4 . 4 
4 . 4 
5 . 3 
5 . 2 
6 . 6 
6 . 9 

3 . 3 
7 . 0 

10 . 2 
10.0 

6 . 66 
7,66 
7 .72 
5 . 60 

10 . 23 
7.66 

13 , 73 
14.79 

9 . 47 
12.18 
10.57 
11.27 
13 . 43 
11 . 57 

9 . 45 
10 . 57 

9 . 43 
10.92 
11.28 
14. . 59 
10 . 32 
12.00 

4.26 
15 . 33 
23.51 
23 . 36 

29 . 74 
32,90 
30,56 
25 . 69 
28,91 
42.41 
36.02 
36.72 
34 . 80 
32 . 06 
33 . 54 
36 .. 39 
30,36 
34 . 61 
33 . 99 
29 . 10 
34 . 35 
30 . 53 
29 . 56 
34 . 78 
29.77 
25 . 83 

27.04 
35 . 20 
17 . 92 
24.49 

2,04 
2,.03 
4 . 14 
1.9'7 
3 . 11 
4 . 83 
.3 . 63 
3 . 65 
5,76 
3,55 
3 . 70 
4,07 
3 . 62 
5 . 80 
1 . 93 
1 . 59 
1.77 
2.68 
1 . 56 
2 . 45 
1.24 
1.43 

1.04 
3 . 82 
2.92 
3.52 

* Only plants alive 

1 .• 8 1 
2.42 

. 356 

. 185 
,277 

2 . 30 
5,06 
3,22 
2.69 
3,58 
1 . 90 

,e.362 
1 . 85 

. 427 
4 . 60 
2 . 14 
4.91 
2 . 57 
3.89 
2 . 71 
4.02 
1.84 

4.24 
5 . 31 

.646 

.441 

4,05 
4,46 
4,29 
4.94 
4,30 
2 . 39 

,620 
1.92 

,419 
,537 

1,83 
3 .,35 
2.36 
2.03 
2.03 
3.55 
2.24 
2 . 40 
2.21 
2 . 35 
1.80 
2,07 

. 642 

. 598 

. 751 
, 860 

vl 
0 



contained the following salt mixtures . 

3000 p.p.m •. NaHC03 1000 p.p.m. NaCl 

u 1t u " " Na2S04 

u u " " " cac12 

" " " 
ft 

tt " " 

" " 

,, 

CaS04 

Mgs04 

M.gCl2 

The reduction of toxicity of each of t he five salts~ 

sodium chloride, sodium sulfate, calcium chloride, mag­

nesium sulfate, and ma gnesium chloride were made in a 

similar manner as shown by Table VII . 

31 
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TABLE VII . The Effects of the buffering action of the 
seven salts, and their ability to reduce the 
toxicity of single salt solutions as measured 
by the dry eight of t he plant . 

Predominating Buffer Weight per 
Salt Salt plant (grams) 

3000 p . p . m. NaHC03 2 . 52 
4000 p , p . m, NaHCO 2 . 36 
3000 p . p . m. NaHC03 1000 p . p .. m. MgC l 2 6 . 45 

" " ft 1000 p . p . m. gS04 6 .19 
ft n ft ft' If cac12 5 . 75 
II " ft " 11 caso1 5 . 46 
r, ti tt " " Na2C 3 . 22 
tf " " If " Na 2so4 2 ·. 91 

3000 p . p . m. NaCl 8 .12 
4000 p . p . m. NaCl 4 . 70 
3000 P•t; •m• NaCl 1000 p . p . m. caso4 7 . 44 

" " fl " Mgso4 5 . 90 
n "' " fl ft cacl2 5 . 29 

" ff ft II ff 
MgCl~ 4 . 82 

ff " u " fl Na2s 4 4 . 23 
11 " " n " NaHC03 3 . 56 

3000 p . p . m. Na2so4 5 . 30 
4000 p . p . m. Na2S04 6 . 87 
3000 p . ~ . m. Na~so4 1000 p . p . m. Cac12 10 . 62 
" " " Nacl 9 . 42 
n tt u " ft 

caso~ 8 . 81 
" " t1 1000 p . p . m. NaHc 3 8 . 73 

" " ff ft " MgS04 8 , 35 
II " " " ft MgC l 2 7 . 28 

3000 P • i; •m• CaC l 2 7 . 30 
4000 cac12 6 . 03 
3000 p . p . m. CaCl2 1000 p.p . m. ca soi 10.79 

n fl " " 
,, 

Na2s 4 9.86 
If It I! H " NaHC03 9 . 58 
fl fl tt ff " MgS04 8 . 22 
ff u " n ft MgClz 7 . 47 
" " " " " NaCl 6 . 40 

3000 P • P • • MgS04 12 . 06 
4000 p . p •. m. Mgso4 11 . 00 
3000 p . p . m. MgS04 1000 p . p . m. Cacl2 15 . 17 

" ft ff tt " CaS04 14 . 33 
tt tt fl It n NaCl 13. 28 

" " " " tt 
NallS04 11 . 40 

Jt rt " " tf Na C03 10. 60 
n " ft u " MgCl2 10 . 47 

3000 P• P •ID • MgC12 7 . 66 
4000 p . p . m. MgCl 2 8 . 22 
3000 p . p . m. MgC12 1000 p. t,.m. CaS04 10. 23 



TABLE VI I (Continued) 

Predominating 
Salt 

3000 p . p . m. MgClz 1000 
tl " n " tt ,, tt H 

" ff ff " 
II " ft tt 

Buffer 
Salt 

p . p. m •. cacl~ 
" Na~s 4 
" Na co3 
" NaCl 
'' MgS04 

OKJ.A HOMA 
!&IICULTURAL ~ ~i ~ \ICAL COLLEGI 

L I B l{ .\. R Y 

AUG 6 1~40 

Weight per plant 
in grams 

7 . 72 
7 . 66 
7 . 06 
6 . 66 
5 . 60 

A comparison of the weights of the plants treated 

with binary salt mixture solutions with t h ose treated with 

single salt solutions is glven in Table V!t. From this 

data the following conclusions may be drawn: 

(1) The toxicity of single salt solutions was re­

duced in most oases by the addi tion of a buffer salt . 

This b ears out the commonly recogni z ed fact that mixtures 

of salts are often less injurious than individuals alts . 

(2) The toxi city of the salts is not am additive 

property . This would indicate that salt toxi city does not 

depend entirely upon osmotic pressure ch anges in the soil 

so lution• . 

(3) Sodium a nd ma gnesium chlorides do not respond 

in an appreciable ~anner to buffering by addition of other 

salts . 

(4) The toxicity of sodlum bicarbonate is reduced 

when it i a mixed with other salts, e spec tally when salts 

of magie sium and calcium are ad1 e9- -·. ::: . ::. , : 
• e C - , .J l. • 

( 5) In general~ t h e ohlorld~e,: s~:1t s ,s h ow" tne· greatest 
·-= \· ~ . .. :,~ ~': •• •••• : :: .i ...... ·j·;· 

loss in toxicity when th y, ar_.e ~m~x:t~ -~t l},, b ,e.l". s~,;t.ts 
ee • • • • ' • • • , • • • •• • • • 
:l~ o e ~ • C e 0,:: ~ • e • • • e • 

conta i ning the sulfate ion . '1h'e"'convers'e is· a'fs"ci ' true . 



a, 

(6) The pl nt tre ted with olutlone tat c nt·ined 

the magnec:. 1um salts sho r test re ponse t o t.b buffering 

ot th,e t:aleill:D salt • 

(7) The addi tion of ealelwn ulfate s ufter salt 

in ost 1 t~nces c usa the gre test r duct i on 1n to,xici ty 

of th s1ngl alt solutions . 

T bl VIII presents tbe resul~s ft.be soil analysis 

ot t he second xp ri ent 1 series of to ato pl ant tr ted 

1th salt ixt re oluti~ s . 



VIII,, ArLALYSIS OF SOILS Sc\IJ]Tl 11[r··Yfl'IY'fDW ~o owrg.· ·(l"llo¥!1a·to) 
),..., Ji.,,1 -~ ·'""'·~ A J .. \.,. l)..l.: w 1·~ J... .u 

~-- ----·-~ ------------------------------.. . .. . 
Salt and Conoen. in : % : ~{ : % : su:m of calcul11:1 ted salts 
thousand p.p.m. : ca : Na : Mg : cacl2 , MgS04, Cl -~ --------
control 
3 NaHC03 
4 NaI-rG03 
~ !!a~co3 l ~~_ac l 
;,. ;;~a.Fl.CO. 3 .1 Na2·8· 04 
3 NaHCO 1 GaCl2 
3 NaHC03 1 HgS04 
3 MeJIC03 l IvlgC 12 
3 HaHC03 l CaS04 
3 NaCl 
4 l'faC 1 
3 NaCl 1 
3 Waol l 
3 NaCl 1 
3 llaGl l 
3 NaCl 1 
3 l'Jacl l 
·i -- e<O .:; N&2,.,. 4 
! ~~a 2S04 
.::: .L·:a 2so4 
3 :Na2so 
3 ,. so4 rim2 , 4 
3 Na2so4 
3 Ma:zS04 

NaJ.:lC03 
Na2S04 
CaGl2 
MgS04 
MgCl2 
Ca.S04 

l WaHG03 
1 NaCl 
1 CaCl2 
1 MgS04 
l MgCle 
l CaS04 . 3 Ma2S04 

3 GaOl2 
4 CaCl2 
3 CaCl2 1 NaHC03 

.215 

.200 
.. 219 
.195 
.197 
.. 285 
.197 
.186 
.279 
.164 
.178 
.227 
.175 
.301 
.151 
.151 
.276 
.808 
.. 173 
.161 
.140 
.400 
.131 
.145 
.504 
.636 
.674 
.679 

.041 

.204 

.266 

.369 

.2?6 

.383 

.240 

.310 

.206 

.448 

.535 

.471 

.414 

.417 

.480 

.313 

.413 

.428 

.462 

.412 
~473 
.358 
.360 
.. 355 
.367 

QI?'<: • vv 
.029 
.145 

~~--- =------~.--...-
.064 
.. 059 
.064 
.059 
.053 
.045 
.127 
.143 
.147 
.060 
.052 
.057 
.050 
.046 
.113 
.120 
.032 
.055 
.061 
.046 
.049 
.056 
.15? 
.158 
.049 
.049 
.041 
.046 

1.01 
1.36 
l.58 
1.77 
1.51 
l.98 
1.79 
2.02 
2.02 
1.88 
2.10 
2.25 
1.78 
2.12 
2.20 
1.81 
1.96 
1.93 
1.95 
1.72 
1.83 
2.29 
2.05 
2.08 
2.57 
2.08 
2.14 
2.48 C;~ 

t,I 



TABLE VIII (Continued) 

salt and Goncen. 1n 
thousand P•P . m. _ 

3 CaC~ 1 NaCl 
3 CaCl2 l Na2so4 
3 cac12 1 MgS04 
3 CaCl2 1 MgCl2 
3 CaCl2 1 CaS04 
1.5 NaCl l.5 MgS04 
1.4 Neel 1.6 Caso4 
1.8 Na2so, 1.2 MgCl2 
1.7 N'a2S04 1.3 CaCl2 
1.5 CaClz 1.5 MgS04 
1.2 MgClz 1.8 CaS04 
3 MgS04 
4 MgSO 
3 Mgsol 1 Na RC03 
3 Mgso4 l NaCl 
3 Mgso4 l Na2s04 
3 M.gS04 1 Ca Cl2 
3 MgS04 1 MgClz 
3 Mgso4 l CaS04 
3 MgCl2 
4 MgGl2 
3 MgClz 1 NattC03 
3 Mgcl2 l NaCl 
3 MgCl2 1 Na2S04 
3 Mgcl2 1 CaCl2 
3 MgCl2 l MgS04 
3 Mgcl2 l CaS04 
1 NaCl 1 cac12 1 MgCl 
1 NaCl 1 CaCl2 1 Na2S04 
1 NaCl 1 CaCl2 1 MgS04 
1 NaCl 1 CaCl2 1 CaS04 
1 NaCl 1 cac12 1 NaHco3 

• .. 
t %Ca 
: 

.586 

.515 

.570 

.581 

.751 

.159 

.430 

.175 

.416 

.496 

. 449 

.175 

.167 

.167 

.164 

.181 

.509 

.140 

.466 

.172 

.202 

.148 

.164 

.126 

.337 

.128 

.206 

.528 

.323 

.312 

.370 

.312 

t 
• • 
• • 

$ Na 

.195 

.115 

.017 

.027 

.021 

.140 

.242 

.236 

.205 

.025 

.018 

.022 

.028 

.133 

.168 

.191 

.029 

.036 

.022 

.042 

.031 

.141 

.187 

.140 

.051 

.035 

.033 

.222 

.263 

.177 

.140 

.284 

: 
: 
• • 

% Mg 

. 052 

.071 

.152 

.104 

.027 

. 200 

.044 

.190 

.050 

.195 

.• 214 

.317 

.302 

.353 

.311 

.402 

.323 

.587 

.295 

.356 

.386 

.318 

.327 

.285 

.357 

.352 

. 247 

.192 

.055 

.151 

.038 

.042 

: 
: 
• • 

Sum of calcula ted salts 
CaClz, MgS04, NaCl 

a.37 
2.07 
2.35 
2.19 
2.26 
1.78 
2 . 01 
2.01 
1.92 
2.39 
2 . 35 
2.10 
2 . 02 
2.55 
2.41 
2.97 
3 . 06 
3.38 
2.80 
2.34 
2.54 
2.35 
2 . 54 
2 . 11 
2.83 
2.18 
1.87 
2.42 
1.83 
2.06 
l.54 
1.78 

~ 
0) 



TABLE VIII . ( Continued) 

salt and conoen . in : * . 
thou sand p . p . m. • % Ca .. % Na • . 

: • .. 

l CaC12 1 Mgc l 2 l Naos04 . • 293 - .115 
l CaCl2 1 MgGl2 l Mg~O~ ., . 304 .026 
1 C~Cl2 l MgCl2 1 Nalic 3 . • 312 • 170 
l cac12 l Mgcl~ 1 caso1 . 386 .031 
l MgCl2 1 Na 2s 4 l Nae .137 .308 
l MgCl2 l Na2S04 1 MgsO . 137 .159 
l JV!gcl2 1 Na2so4 l NaHCa3 .170 . 273 
l Iv!gClO 1 N~so4 1 Caso4 . 318 .152 
1 Na2s 4 1 aCl 1 MgSO .145 .277 . 
l Na 2so4 1 MgS04 1 Cacfg . 340 .152 
1 Na2sO 1 MgsO 4 1 Na Hc .173 .292 
l Naisoi l MgS04 l CaS043 . 487 . 150 t 

3 Na co3+H3Po~ until neutral . 173 .205 ' 

1 NaHC03 1 Na 1 l GaC12 . 274 .359 
1 caso4 . 572 . 027 
Sat . Ca S04 1 . 05 .026 • 

t 
• .. 
: 

: Sum of calcula ted salts 
% Mg: Cacl2 ., lligS0 4 ., NaCl 

• . 
.127 1.72 
. 251 2 . 15 
.200 .. 2.28 
• 148 ' . 1 . 88 
.145 ' 1 . 90 
.242 2.00 
.183 2.06 
.190 2.21 
.164 1.91 
.166 2.15 
.177 2 .10 
.153 2.49 
.071 1.35 
.045 • 1 . 89 
. 050 1.90 
. 074 3 . 32 

vi 
-..:J 
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Tb- m09\ noticeable cb«r:act.erist.1os ,of 1erani um 

plant,s tr.,oat.ed with .. Bingle salt aolutli:Jns ~re given in 

·the following c]\.::.tsrnfrrts •. 

{'l) Plants treete~ wit.b rntAgno!'.71~m: sulfate had very 

diark: gree·n. leaves. 

(2) JnjtiQ' w&e tir~t noticed in th• yellowtng and 

<\y:ing of ·the ltnier le·avet1. lrrter this inJ.,iry 9rogr-essed 

to \he ttp})$1"' branch.G:$. 

(S) The water conaumpti::.n of U1e pl~nte. ·was t"&• 

dtt!$d wbe:fl t~n• pla!\\,s wer, treated wl'th any of tbe salt,, 

&Qluttans .• 

(4) The ebserv:$d Qrfer etf the deore:;;.sing to,c1c1ty 

~as as foll~W$:. JJSC-la, CaClg. MgS04.t Ma.Cl,; N~$04 and HaBC~. 

Tabla. IX ehows.t thtrt, ln general. tbe len.st.n of .life of 

t.he plant. and it.s w.ater eGn11w.apt,iQn. we.re d&ereased propor .... 

tional to the i.nere:ase4 se:..1't o.onoentrat1on ,of tb:• solu:tion 

applil;td. 

The et'f$e't.cs of the J;.n1U,vidu.al salts on g;era.ntwn plants 

wl.11 be briefl1 ·d1seutsed in the Or'Qer of the decreasing 

t.o~ie;ity. Tbe t.oxieity of the S{?\lt a:olutJ.or.u; to t.be a•ran-

1ums •&$ m.eae;ured in tbe .same manner &tit tor the: t.omato ,plants; 

th:e concent.Ji"~:ti~n of a~lt 11bich r,&ttucecl t-he ti1"y weight ot 

tile plant under trea.t!llent t, half the wei ~'ht Qf t.btr. control 

plian.t. \Vas -0:on;.1;idered. · the t~.x1e concentt"at..ian. 



Figure 2. Graphs sh-owing the Dry \&eight of 

Geranium. Plants~- their percentage 

of ash and constituents of Ash,. 

and the so11 salts. * (dry basis .. ) 

* The s.um of the perc.entage.s of calcium chloride, 
magnesium sulfate;, and sodium chloride oaloulated 
from the amounts of Calcium magnesium and sodium 
round in the soil. 
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TABL"' IX . ANALYS IS OF G?RANIUM L ANTS tl7AT ERED WITH SINGLE SALT SOLUTIONS 

:Exper i ment al : water Consum- =weight per : ( : t : ;( 10 
• P . P . M. =Period (days) : tion (ga l lons): pl ant ( gms ) 1Ash :ca :Na . 

Mg Salt . . . . . . . • • . 
Control l~±~ 5 . 00 r~:ti: 10. 76 l -63 • 214 .36i Iira2so4· 1000 2 . 60 10. 44 . 36 1 . 00 • 29 
Na2so4 2000 181J. 2. 95 7 . 38 a 12. 90 1 . 73 1 . 17 . 414 
Na2so4 3000 181.t. 2 . 60 9 . 27 a 12 . 99 1 . 88 l . 18 .455 
Na2S04 3000 131* 2 . 90 7 . 32 o 17 . 86 1 . 87 2 . 35 . 543 
Na2so4 5000 130* 2 . 90 5 . 42 C 18 . 52 1 . 90 2. 18 . 617 
Na2so4 7000 128* 2 . 80 4 . 11 e 20 . 04 1 . 96 2.41 . 584 

MgS0 4 1000 181.L 3 . 90 13. 53 a 10. 57 1.34 • 301 . 706 
gS04 2000 1811.. 3 . 25 10. 63 a 12. 79 1 . 54 . 404 . 902 
gS04 3000 181 '- 5. 15 10. '30 a 13 . 71 l . 64 . 396 . 923 

MgS04 3000 128* 2 . 90 7 . 6 5 C 17 .1 4 1 . 73 • 701 l.302 
MgS~ 5000 121* 2 . 80 5.37 C 18 . 09 1. 59 . 590 l . 500 
MgS04 7000 1 23* 2 . 80 4 . 39 C 17 . 13 1 . 74 . 686 1 . 560 

NaHC03 1000 181.t. 3 . 45 15 . 3 2 a 10 . 19 1 . 24 1 . 59 • 326 
NaHco3 2000 181 £. 3 . 00 9 . 10 a 12.58 1 . 56 l. 45 .• 373 
NaHC03 3000 18 1.L 3 . 20 5 . 75 a 13.70 1 . 97 1 . 07 . 475 
NaHC03 3000 146* 3 . 20 5 . 26 a 18 .13 2 . 07 2 . 13 . 569 
NaHC03 5000 1 40* 3 . 10 i . 78 C 18 . 66 l . 89 2.62 .576 
NaHco 3 7000 1 43* 3 . 10 3.78 C 16 . 45 l . 91 l. 79 . 553 

NaCl 1000 181.\. 3 . 95 15 . 93 a 12. 89 l . 99 . 58 . 370 
NaCl 2000 181.L 2 . 40 9 . 23 a 14. 55 2 . 08 1 . 30 . 430 
NaCl 3000 181.I. 2 . 55 6 .66 a 17 . 21 2 . 33 1 . 90 . 430 
NaCl 3000 128~· 2 . 90 5 . 08 C 19 . 45 2.09 2. 64 .610 
NaCl 5000 127* 2 . 80 4 . 14 C 33. 04 2. 42 .570 
NaCl 7000 124* .2 . 80 3 . 17 C 20 . 45 2 . 02 2 . 49 . 620 

8 



!ABLE IX. ( Con t 1nued) 

f -·~~- -~~----'-

: Experimental : water Consu~- Weight : ~ : 1f, : 1' : ~ 
P . P . M. ;Period (day~):t ion (gals):Per{ki\i,: _. ; Ash .. : Ca ; Na ; Mg Salt 

MgClg 
MgC12 
MgCl2 
MgC12 
MgCl2 
MgCl2 

CaCl2 
CaC1 2 
CaCl g 
Ce.Cl 2 
CaCl2 
CaCl2 

1000 
2000 
3000 
3000 
5000 
7000 

1000 
2000 
3000 
30')0 
500 0 
7000 

181 .I. 
181 ... 
l 81J. 
119* 
115* 
120* 

181'-
l81J. 
l81 L 
126* 
121* 
121* 

5 . 50 
2 . 90 
2 . 73 
2 . 50 
2 . 30 
2. 25 

4 . 00 
3 . 30 
3.ms 
2 . 80 
2. ao 
2. 80 

J. 

* a 
C 

16 . 82 a 10 . 49 1 . 59 . 284 . 896 
9 . 07 a 12. 42 l . 66 • 278 1 . 19 
7 . 55 a 13. 44 2. 06 . 260 1 . 04 
6 . 29 a 17 . 44 l . 99 . 592 1 . 37 
~.87 0 18 . 00 2 . 03 • 721 1. 29 
3 . 67 C 19 . 35 2. 13 . 886 1 . 23 

15 . 70 a 13 . 72 2 . 92 . 185 . 312 
16.05 a 15 . 58 3 . 94 . 228 . 400 
9.30 a 14. 74 3 . 63 . 223 . 394 
5 . 79 C 20 . 45 3 . 41 . 603 . 687 
4 . 89 o 21.61 3 . ?8 . '747 . 620 
3 . 89 C 18 . 77 3 . 13 . 703 . 659 

Plant alive 
Plant dead 
grown in winter ~r 1938 
grown in s ummer of 1937 

ill,, .... 



The decrease in the weight of the gerani um plants 

treated with increased concentrations of magnesium sulfate 

is gi v e n in Figure 2 ( 1). The toxic concentration of this 

salt was i500 p.p.m •• 
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The pl.ant s treated with magnesium sulfate showed an incre­

ased ash content as the concentration of the applied solution 

increased. The magnesium content ot the plants treated 1th 

maximum quantities of the salt was fo ur times greater than 

of the controls. The calcium content of tbese geranium 

plants remained rather constant after an initial fluctuation, 

and contained approximately the same percentage of calci um as 

the control plants. This did not agree Qi th the theor tical 

expect at 1 ons. 

Figure 2 (K) indicates tat increased concentrations 

of s odium bicarbonate sharply reduced the growth of geran­

ium plants . The toxic concentration was 1500 p.p.m. There 

was an increase in ash content of the plant as the concen-

trations of the solutions were increased to 5000 p.p.m. 

but above this concentration the ash content de creased •. 

The sodium content of tbe experimental plants which rec­

eived high concentrations of the ·salt was increased t o twelve 
. 

t imes that of the control plants. There was an increase 

in the calcium content of the plants but the magnesium 

content remained constant as increased concentrations o! 

the salt solution ,; ere applied. 

NaCl - Plants treated with sodium chloride, Figure 2 (J) 

showed a Yery ttharp decrease in their dry weight.a as the 

result of addition of increased concentrations of the 
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salt. The ash content of the plant s was increased to t 1 ice 

tbat or the control s . There was a marked increase 1n tbe 

sodium content and a sl .ight increase in t he calcium content 

of tbe plant s as the result of applications of salt solutions 

of increased conce ntrati ons . Sodi um chloride w4s toxic at a 

concentration of 1550 p.p.m •• 

gClg Fig ure 2 (!:) indicate·s that 1600 p.p. m. of magnesium 

chloride was toxic to t he plants . There was a sharp decrease 

in the gr ~wth of the plant a s measured by dry weight when they 

were treated with solutions of incre ased concentrations. As 

a resul t of the addition of high concentration or the s alt , the 

ash and magnesium conten t of the plant were increased in 

appreciable amounts wbile the sodium and calcium of t hese 

experimental pl ants were incr eased s lightly . 

Na2so4 The extrem~ de pression of the growth of plants 

tre ated with 2000 p.p.m. of s od ium sulfate seems to be in 

error . If this one po i nt i s disregarded the toxic concentration 

of sodium sul f a te can be evaluated at 2000 p .p. m •• Fi gure 

2 ( B) s ho s that ash and sodium content of the plants were 

increased to and t welve t ime s , respec t ively, over that of the 

control plants . The ca lcium and magne s iu.m con t ent of the pl ants 

remained rather constant over t be entire ~· nge of salt concen­

tration . 

The plotted values of the dry weights of t he plants 

treated wi th calcium chl oride s howed irregularities but the 

general trand indicated that t be toxic concentrat ion of the 

s alt vas 2500 p. p . m •• In this experiment the a sh and the cal­

cium content were i ncreased as the salt concentration was 



TABLE x. ANALYSIS OF SOILS WATERED 1:' I TH S I NGLE SALT SOLUTIONS ( Geranium) 

Salt 

Cont rol 
Na2S04 
Na2so4 
Na2S04 
Na2so4 
Na2S04 
Na2so4 

gso, 
Mgso, 
t~gS04 
MgS04 
MgS04 
MgS04 

NaHC03 
NaHC03 
NaHC03 
NaHCO 
NaHco; 
NaHC03 

NaCl 
NaCl 
NaCl 
NaCl 
NaCl 
NaCl 

p. p. m. 

1000 
2000 
3000 
3000 
5000 
7000 

1000 
2000 
3000 
3000 
5000 
7000 

1000 
2000 
3000 
3000 
6000 
7000 

1000 
2000 
3000 
3000 
5000 
7000 

'II< 

_Qa 

. 230 

.220 

.192 

.196 

.18 3 

.185 

.19 3 

. 192 

. 171 

. 159 

.195 

.151 

.151 

. 237 

. 239 

. 244 

. 205 

.198 

. 18:3 

. 176 

. 202 

. 193 

. 195 

.188 

.l 78 

;( N\ 

. 026 

. 180 

. 117 

. 162 

.190 

.340 

.404 

. C23 

. 038 

. 022 

.023 

.020 

. 018 

.348 

. 341 

. 415 
• 240 
• 283 
. 354 

.119 

.179 

.244 

. 265 

.360 

. 589 

. . 
: t · Sum oa lcul ateQ a s ~otal 
; ;g_ : sal ts - NaCl, CaCl2, Me.S04 

. 04'1 

. 040 

. 027 

. 0 31 

. 0 20 

.018 

. 014 

. 133 

.159 

.196 

.127 

.193 

. 302 

. 040 

. 041 

. 046 

. 017 

. 019. 

.027 

. 030 

. 031 

. 031 

.024 

.023 

. 025 

.92 
1 . 26 
0 . 96 
1.10 
1.09 
l.46 
1 . 62 

1 . 25 
l.37 
1.47 
1.23 
1 . 44 
2. 0 1 · 

1.74 
1 . 73 
1 . 95 
1 . 26 
1 . 36 
1.54 

. 94 
1.16 
1.30 
1.33 
1 .55 
3 .11 

IP­• 



'l'ABLE X. C Continued) 

--~~--........ ~~~~~--~~.~~~..,-~~--~~-~..----..__..- .._ __ __ 

Salt : p. p . m. 
: 

MgC12 1000 
MgC1 2 2000 
MgCl 2 3000 
MgC12 3000 
Mtclg 5000 
MgC12 7000 

CaCl2 1000 
CaGl 2 eooo 
CaC1 2 3000 
CaC1 2 3000 
CaCl2 5000 
CaC1 2 7000 

. . 
% ~ : 1o sum Celculated as total salts 
Ash ~ ca , Mg : Nacl., CaCla, MgS04 

.163 . 019 .117 1 .08 

. 151 . 028 . 161 1 .29 
• .140 .022 .194 1.51 
.136 . 019 . 149 1.17 
. 153 . 029 • 286 1 . 80 
.163 .042 . 339 2 . 23 

. 288 .019 . 014 .91 

. 356 .026 . 023 1.17 

. 36ro/ .022 . 01 4 1.13 

. 378 .021 .019 1.20 

. 464 .022 . 017 1.42 

. 668 . 029 . 020 1 .73 

~ 
CJ1 
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increased. The m gnesium and sodium c ntent of t he plants 

did no t under go marked changes . 

Table X shows the results of the analysis of the 

soils in which t he geraniums \' a tered with single salt 

solut ions were gro n . 

The following list of salts show their toxic c ·::incen­

trati n and the calculated sum of soil sal s or the toxic 

soil salt concentrat.ion . 

Salt Concentration in p. p. m. 

MgS04 1500 

NaHC03 1500 

NaCl 1550 

MgCl 2 1600 

NagS04 2000 

CaC12 2500 

SUMMARY 

Toxic soil s al t 
concentration~ 

1 . 45 

1.10 

1.20 

1.07 

1 . 20 

A study was made t o determine the concentrations at 

which seven commonly occurring saline and alkaline salt sol-

utions are toxic to various greenhouse plants and to deter-

mine whether antagonism of ions and buffering by the salts 

produces a reduction of toxicity of salt mixtures . In 

this ~o r k the toxic concentration of a salt was defined 

as that concentration of salt expresse _ in part s per 

million which re c u ced the dry wieght of the experimental 

plants to half the weight of the controls . 

The salts .employed and thei!" toxic concentrations as 
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established under experimental condi t i ona may' e arranged 

in order of their decreasing toxicity to toma to pl ant s as 

follows: 

Salt 

NaHC03 

NaCl 

MgCL2 

, CaCl2 

Na2so4 

MgS04 

Toxic concentration 

1 750 p. p. m. 

2000 tt 

2300 " 

3000 

3500 

4000 '' 
The toxic soil ssl t ccncentrations calculated from 

their plotterl values give in general the same order of tox­

icity for the salts as determined by the concentrations ot 

single salt solutions toxio to tomato plants . These 

curve s of tbe c lcul ated soil salts may prove to be of 

value i n determining whetber or not a soil will permit 

successful greenhouse producti n . 

The data presented for the salt mixture experiments 

substant iat3s the commonly recognized fact that salt mixt ures 

are less toxic than individual salts . The addition of calci­

um sulfate to salt mixtt1res proved to be more ef f ective than 

any other .salt used in reducing toxicity of the s alt mixtures . 

The s alts e mployed and their toxic concentrations as 

determined under experimental conditions may be arranged 

in orqer of their decreasing toxicity to geranium pl ants as 

follows : 
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Salt r oxlc Concentration 

MgS04 1500 p. p . m. 

a HG03 1500 " 
, aCl 1 550 " 
MgCl 2 1600 ,, 

Na2S04 2000 .. 
CaCl 2 2500 " 

The order of toxicity of the salts are entirely dif­

ferent for the geranium and tomato plants. This would 

indicate that to d~term1ne the limit or ~leranoe of a 

s pecific pl ant ind1Yidual experiments would be necessary. 

However, general conclusions are to be drawn from this 

experiment which hould a id 1n determining whether the 

s al t content of water or soil will per mi t successful 

greenhouse production. 
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