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INTRODUCTIO 

In exper1ments1 ccnducted at the Oklahoma Agricultural 

and Mechanical College in which geraniums and other plants 

ere watered · 1th saline ~a.ters, it was :round that the 

saline waters had detrimental effects en the plants. 

In order to col1ect some data that might help to 

solve the problem of the toxic effect of these saline 

waters on the plants, it as decided to study the effect 

of various saline waters on the transpiration rates ot 

geraniums. Experiments were organized and conducted to 

determine the rate of ater lest by transpiration from 

_ geranium plants etered v.ith different salt solutions and 

·1th rainwater. So that the effect of the various salts 

eould be determined, the salt solutions ere applied in

dividually rather than in oombinations. The experiments 

were organized in such a manner that the effects produced 

by concentrations of 3000 parts per million and 6000 parts 

per million of the salt solutions could be compared. 

1. Unpublished data Okla . A. &. • College . 
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REVIE.l OF LITERATURE 

Variations in the Rate of Transpiration During the Day and 
on Suoceedipg days 

Transp1rati.on rates vary greatly from day o day and 

during various arts of the same day. Kiesselbach (15), in 

his studies of transpir t1on of the corn plant, fund that 

the ~ater requ1rem.e.nt, occasionally, varied as much as 

300-400 per cent on successive days. The maximum rate or 

transpiration occurred bet een 1:00 and 3:00 P.. • Briggs 

and Shantz (5) conducted transpiration e eriments with 

various plants, in the region of Akron, Colorado. They 

found the ma.xiin.wn rate of transpiration for the plants 

studied, occurred betwe n 12:00 and 4:00 P.M. Transpire.-

tion v as very low during the ni ht being only, 3-5 per cent 

of that during the day. Darrow and Shen,cod {9) :found 

similar fluctuations when they studied the transpiration 

rates en the strawberry. In one of their experiments, 

conducted fer 9 1/2 days, which contained 11 series ot 

four plants each, the water lost by transpiration was as 

follows: 37 per cent f'rom 9:00 ~.u. to 1:00 P •• , 35 per 

cent trom 1:00 to 5:00 F •• and 28 per cent frcm 5:00 P . «. 

to 9:00 A. l . These results demonstrate that the trans

piration rate fluctuates greatly throughout the day and en 

succeeding days. 
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Factors That Affect Transpiration 

Many factors effect the rate and magnitude of 

transpiration. Some or the factors that affect the rate 

of transpiration are: fluctuations in air temperatures, 

fluotuaticns in the relative humidity of the atmosphere, 

windy or calm air conditions, kind, age ano. structure or 
plants, moisture content of the soil, and light intensity. 

~1r temperature and relative humidity greatly influence the 

rate or trans iration. 

Kiesselbaoh (14) conducted transpiration experiments 

1th corn pl~nts at h University of ebraska . His 

results indicated that the relative humidity of the air 

·as the chief controlling factor of transpiration. 

i 'hi tfield ( 24) reported en certain projects conducted by 

the Carnegie Institution of Washington in the Fikes I'eak 

Region • .In those projects , the transpiration of s ome 

native and cultivated plants (eorn, wheat and sunflowers} 

was measured . The transpiration curve showed a cl oser cor

relation to the curves of relative humidity and air 

ten:.perature than to any of the other factors measured, sueh 

as, evaporation and saturation det1oit . 

Transpiration varies with the species, age and leaf 

area of plants. Darrow e.nd She ood (9) in their transpira

tion studies -w.'1 th the strawberry, found marked variations 

bet,een the transpiration rates cf various varieties of 

stra berries. In the same variety, plants v;i th young leaves 



transpired slightly faster than pl nts with old leaves 

and pl ants with larger 1 ar- areas tra.nspired t l er 

r tes per unit than those plants ·1th smaller lent areas. 

The data resented by Brierle (7) 1n01cate that the 

transpi-ration rste er squ e inch o le, f suri'e.ce are 

ab t the sa for lea es of old d n · oanas of the 

Latham spberr until late 1 these son be the ~rana

piration rates ot th leaves of n , on s r slightly 

reater per square inch or le r ar .a. Tbe e re~ults sho 

that transp1r t1on is affect .d different y .. diftorent 

plant specie and by plan . f di:rterent nges and leaf' 

areas. 

r.l'.ransp1raticn is ttected by the stomatal behavior. 

Lot~rield (16} rou ed plant into tlree classes according 

to stoma.tel behavior. (a} flant nueh a cereal, in 

hicn night o~enin d1d net occur and the duration ot day 

openi.ng s re l ted by f etors such as, tem1ieretur . and 

water content of the leat. (b) Thin- ea.ved m sophytes 

hioh normally had elosed sto ta at ni~ht a d o_pen ~om

a ta during the day ( could clo e part or day and cpen part 

of the ni ht). ( c) Flan ts lik potatoes whi o , no lly 

had stomata open day and ni~h~ bu~ closed during the d y 

1t th moisture content of the leaves beeame too lo. 

Transpiration is regul te4 bye v1ron:!..~nt l raetcr en 

the ato ta are de ope or ear y o. As the sto 

elose, their effect in regul tin transpiration incr ases 

until v. hen nearly closed their effect 1s eater than th 



effect of environmental factors. 

The effect of sprays on transpiration varies with 

the type of spray applied. Dug ar and Cooley ( 10) found 

that a film of Bordeaux xture increased transpiration 

whi.le dusts and other films did not affect the r a te ot 

t ranspiration to the same extent. In a later experiment, 

they (11) oon:firmed t~oir earlier conclusion that a film. 
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of Borde ux Mixture facilitated mter loss by transpiration. 

This conclusion as later confirmed by Martin (19) and, also, 

by \ ilson nd Runnels { 25} . 

Cil sprays aprear t o reduce transpiration. Kelley's 

{13} data showed that oil sprays reduced transpiration as 

much a s 5 per cent in many ca ses and as much as 75 per 

cent in some instances. ..,'1hen the oil was sprayed upon 

t he upper surface or the leaves there vas, apparently, no 

reduction in transpiration. ·ihen the 011 was spr yed upon 

the lower surf oe or upon both the upper and lower surfaces 

of the leaves, t ranspira tion wa~ marke ly retarded. 

Under certain conditions, r oot temperatures af:t'eot 

the rate of transpirati on frorr. t!l e leavQs of plants. 

Bi loglcwski ( l ) conducted an experimeut ' ~i th lemon cutt

i ng s gro ;n in nutrient solutio s under such ccndi tions 

t hat the tops were subjected to a temperature of 25°C, a 

relsrtive hu:midit.y of 50 t o 65 p e r cent, a light intensity 

of about 3 0 f oot candles ana an av ra e air velocity of 

130 f eet par mi nute. The r cots e re sub ·iected to constant 

temper a tures which ranged from o0 -4o0 c, by s0 int er vals. 



Transpiration was not affected during the night by changes 

in root temperatures "ithin the range o0 -40°C. During the 

day, transpiration was markedly reduced by root temperature.a 

belo~ 250c and above 35°C but was not significantly af

fected by root temperatures between those two limits. 

Probably, the extreme root temperatures interfered with 

ater absorption during the day thu causing a retardation 

of transpirat.i on. 

The .moisture content or different soils and f the 

same soil at different times varies greatly . The maximum 

available water is that amount bet een the ilting co

efficient nd the field capacity. In ''e.gness' (18) 

opinion the m st satis:f'aciory ore ard scil should have a 

wid ·range between the wilting cceff.ic1ent and the field 

cape.cl ty. The v,llting coefficient varies greatly 1th 

different sotls but very slightly with different species 

or plants. Bri gs and She.ntz's {5) work on ilting co

efficients f vat·ious plants indicated that the 1-,ilting 

coefficient varied so slightly ~1th different species of 

plants as to be insignificant.. riggs and J. ·Le.ne (3) 

determined the moisture equivalent of 100 types f soils. 

It varied fro 3.6 pe cent fer coaser soils to 46.5 par 

cent in heavy olay subsoil. The wiltin coefficient of a 

soil may be so high that the available water in the soil 

is not sufficient to prevent retardation or transpiration. 
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The effects of chemicals on transpiraticn of plants 

are very complicated. The eff ects vary 1th such factors 

as: di f ferent conbinations cf caticns and anions, differ

ent concentrations of the s lts pplie~ and different 

t yres of media in 'hioh th plants are grown. Bouyoucos 

(2} did S C extensive work en the transpiration of wheat 

? 

seedlings as affected by different chemical co pounds end 

by different densities of nutrient solutions. To det~rmine 

the effects cf different c e ioals on tranapir tion, he 

cc:nducted experiments in both 1ater and sand cultures. 

Glass bottles were used as containers for the ·star 

cultures and paraffined ire baskets were used as con

tainers for the sand cultures. At intervals of three to 

f ur days, during the experiments, the bottles and baskets 

ere weighed. The loss 01' eight was attributed t,o trans

piration and this loss was replenished by adding solutions 

to the bottles and distilled ater to the baskets. He 

used 0.02i solutions of the fcllowi 

Na3B.l?04, K2KP04, MgS04 , (.lli4) 2S04, • gCl2, (NH4} 2co~3' 

CaCl2, Ca{N 3)2 and .K2Cui , applied individually. 

The effect oft e salts on transpiration of plants 

grown in -.at r cultures differed :from the effects of the 

salts on transpiration of plants grcm in sa.nd cultures. 

In the ater cultures the 1nh1b1tin ef fect on transpi.ration 

was as follows: ( lfl4)2C03) gSO ~ gCl ~ K20o3) (NH4)S04> 

KllO~ Ca(N03) ~ NaNOo/ CaClq na2BP04/ K2HP04. In. the sand 



cultures the inhibiting effect was in this order: 

(NH4) 2,SO~ (NH4) zCO~ ' gSO~ Ca(N03} ~ -- Cl~ KNO~ CaCl2) 

K2CO~ NaNC~ NaHPO~ KzHP04. 
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The effects of cations and anions were studied by 

comparing effects oft o salts with a common cation or 

anion and assuming the' difference to be due to th effect 

or the unlike cations or anions. The retarding effect on 

transpiration rate was as follows: Ca) Na (combined with 

N03 ), ca) ..Jg, c1) co3 ( in sand culture), CO~ Cl (in solution 

culture} a."ld S ~ Cl. The effect of the ions varied in the 

different cultures. 

In experiments with complete nutrient solutions of 

different densities, the transpiration rate increased 1th 

a decrease in de sity of the solution until a certain 

point was reached ~nd then the transpiration rate decreased 

with further decreases in density of the solution. The 

density at• hich the reduction in transpiration occurred 

varied with the different cultures. It is evident that 

different densities of the solution had a significant 

effect on the transpiration ot the wheat seedlings. 

Harter (12), like ·ise, found that the effects of salts 

on transpiration varied 1th the dii'.ferent concentrations 

ot salts in the soil. In three experiments, he used soils 

containing 1 . 5 per cent of total soluble salts, oelculated 

on a dry weight basis in which to gro wheat plants. The 

check plants ere grown in nonsaline garden loam. When 
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the plants ere about 6 inches tall, the leaves ere 

removed and the cut surfaces sealed by dipping into 

melted paraff'in. They were weighed a.t various inter

vals and the loss of weight taken as the amount of 

·ater transpired. The per cent of original wei t 

lest by the leaves as: 

1 2 3 

9 

-xperiment number 
Period of Exposure (hours) 21 19 3 1/2 

13.si 1ei Leaves frcm plants grovm in s line 5~ 
soils 

Leaves from plants grm~n in non- 24.8% 48"b 
' 211 

saline soils 

In another experiment wheat as grown in sealed pots 

of saline soils hich had low c noentrations of total 

soluble salts amounting to O .09 and O .12 per cent of the 

dry weight of the soil. The transpiration was determined 

by the ~eighing method. In this experiment the plants 

gro n in saline soils transpired faster than the plants 

gro·n in nonsaline soils. 

In the f.irst experi1:1ent, the leaves of the plan ts 

grown in saline soils had a deposit cf ax on them and 

thickened cuticles, at the end of the experiment. These 

conditions were not present in the second experin:.ent. 

When the salts were present in the soil in sufficient 

quantities to cause modifications or the plant structure, 

transpiration was reduced. When the salts were present 

in the soil in quantities too small to modify the plant 

structure, transpiration was stimulated. 
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Reed's (23) experiments ;ft en pl nt produced 

similar results. The r,lants :ere gro "ll in paraffined 

wire baskets. NaNo3 , K2so4 and CaH4 {P04 ) 2 were used 

at concentrations cf 100 parts per million of soil. 

CaC03 ws.s used at a concentraticn of 1000 parts per 

million of soil. The control plants ere rown in soil 

to which nc chemicals had been added. 

Using the transpir tion of the control plants as a 

basis for comparison and representin it by 100 er cent, 

the values for the transniration of the plants subjected 

t o thv vari us treatments ·ere: Na o3 g .4 per cent, 

K2so4 94.8 per cent, CaH4{P04 )2 100.8 per cent and CaC03 

97.9 per cent. 

eyer ( " l} found that salts affected the rate of 

transpiration cf cotton plants. Durin the 4 days of the 

experiments, the plants ere in earthenware pots sealed in 

Ganong aluminum shells. aCl, Ca'l2 , KCl, NeN03 , Ca( 03}2 

and KN 3 were applied to the soil in different pots. All 

salts were a plied at concentrations of: 0.025, 0.05, 0.1, 

0.2 and 0.4 per cent cf the dry eight of t e soil. The 

calcium salts were applied at n additional concentration 

or 0.8 per cent. 

The results showed that all concentrations of all 

salts, with the exception of the two lowest concentrations 

of potassium. nitrate caused reduction in trans iration as 

compared to the transpiration of the control plants. The 
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two lowest concentrations of potassium nitrate slightly 

stimulated transpiration. The rate or transpiration 

decreased e.""' the accumulation of the salts in the soil 

increased. The results ere essentially the same whether 

calculated on the basis of leat' area, fresh eight of the 

tops r d.ry v·eight of the tops. 

Procedure in Conducting ranspirati on ... xperiit.ents 

Va rious investigators use different methods of studying 

transpiration. The canmon metho s are: potometer, ·eigh1ng , 

cobalt chloride end ireeman (22). Each method has certain 

advantages as ~ell as certain disadvantages for particular 

cc .di ticns. iller ( 22) considers the wei.gbing method to 

bet e most c nvenient and satisfactory for securing 

qua titative data. Th is method does not take account of 

the increase in. ,eight of the plant due to u.rowth. 'iaxi:nov 

{2) maint ins that the loss of water from a plant in unit 

time is htJnd reds of times as great as tb increa e in dry 

rei ht. he efore, the error due to disregarding this 

increase in weight would be insignificant. 

Brigs and hantz (4} recommend sealing pots with wax 

as a method particul rly adapted to the study of trans-

piration as the loss of 

eliminated except that 

by transpiration. 

ater from the soil is practicaliy 

bich is lost through the plants 



This ex:reriment deals with tb~ effect c·f' saline 

V>Jater·s u:pcn the r·ate cf ·transp.irution of geraniums 

( Ps.largc,niu:m riortorum} • rl'hree s~~ries of plsxi.ts: 

:numbered 1, £, and 3, ·were used. 

In series 1, t.he following salts were used: NaCl, 

f': .. 11 of these - . 

. salts, ex.oept CaSC4, were used at ccnoentrations of 5000 

p;EJrts per million~ Since Ca'S04, fortted a saturated solu

. tion ·with 1759 perts -per million, it. ·1nes used at tb:at 

ccmcentrs.ticn. Ratnvm.ter v,1ras used as a oh.eek. 

1rhe gereniun:\ plan ts were er own in 6 inch ?lazed pots" 

Tb.e surface of tr.•e scil was covered 1Ni th a v-,ax com.po.sed of 

7 parts oi" :paraffin and 1 part cf beesvax. There was a 

ter1dency fer the ~tmx to hreak a,t.Jay f:rom the edges of scn1e 

ot the pots. !{ten this occurred, an e1eetric soldering 

iron wern used. te !telt the wax arcuna the ede:e or the pots 

ly enough tc ~rovid.e rc<~It. for grc~rt;.b, exp-ansicm cf the plants 

To prc"!ide f'or v;t,teriniS'. the ple,nts, a 2 1/2 inch pot 

wcs su1:I:;,erged into the soil in each 6 inch :pot. The top 

cf' th-a 2 l/'B inch pot -was covered with a piece of cerd-

1:ics:rd which had been sceJ::ed in paraffin.. A hole was 

punched into the center ot· this cardboard. A 6 inch test 



tube, the bottom of which had been removed with a 

re£:dstance wire, was placed into this and permitted 

to extend up't.:ard through the wax. A Smfill cork was 

placed into the upper end of the tube. See Fig. 1. 
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A :piece cf 5 millimeter glass tube 2 1/2 inches 

long was :pushed into the soil and permitted to extend . 

s.bove the v!ax so that air could enter the soil. 

By adding pieces of broken pots on top of the wax, 

each pot was adjusted to a definite weight of 3325 grams. 

1700 grams of soil composed of 1 part clay loam, 1 

part fine sandy loam, and 1 part of me.nure, ·were placed 

into ee.ch pot. The moisture content of the soil was 28.13 

per cent 011 a dry ·weight basis. 

There vJere eleven plants in ee.ch group (.A------... Q). 

Each ~roup was watered with rainwater or a different salt 

solution. See Table 1 {page zo). The plants were weighed 

every 48 hours and the loss of weight was taken as a 

measure of trans~iration during that time. In.an effort to 

eliminate differences due to varying light intensity, the 

groups of plants were rotated each time they were vmtered 

and weighed •. 

The sol~tions were kept in 5 gallon glass bottles 

upon an elevated platform. iNh~n it was time tc record 

data en the plants, each one was placed upon a small sea.le 

a.nd the solutions were delivered through siphons, burettes 

and rubber tubing to ea.ch plant in turn, res,toring it to 

normal weight. The amount of solution.used by each pl.ant 



was read directly from the burette end recorded. See 

Pig. 2. 
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Fig. l. Plants as grown for these experiments . 

The test tubes were to rrovide a means 

cf waterinp. the plants . 
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Fig. 2. A general view of the set-up for the experiment. 

The bottles ou the platform were for the solutions. 

Th·e bl.ire ~tes, tubes and scales were used to deter

mine the proper amount of' solutions to be added 

to the plants. The at~ometer was used to measure 

the evaporating power of the air. The hydro

thermo-graph (above the scales) was usually 

located upon the bench behind the scales but for 

the purpose of taking this picture it was placed 

onto the support above the scales. 



17 

In an effort to -keep the variation in leaf area 

as small as possible duri.ng the time 0f the experiment 

(28 days}, new 1.ea.ves·wcre cut off as formed. 

To determine the evar,orat!ng power of air, a 

Li vingstcn atmcmeter ,~ms attached to a burette. To pre

vent there being too great a difference betvlleen the water 

le"t1els in the burette and the atmon.eter, readings were ma.de 

at 7:30 iuH •• 10:00 j,.:fl. and •t:30 f>.M., the data recorded, 

and the water level in the burette.adjusted to z13ro. 

At tl1c beginning cf the experiment the ·p:-d of the soil 

and of each solution t"'as determined. J\t the close of the 

experiment, the pH of the soil in each grou~, which was 

watered with a diff8:rent solutton, was determined. The pH 

det.erminati ens were made by using a Universal pH Potentio

met.er Assembly ( quinhydrone). See 'f'able lV. 

At the close of the experiment, one plant from each 

grcup (A-------(}), WflS set aside and permitted to dry until 

the leaves began to wilt. The pots were the.n plunged into 

soil in a bench and the plant,s covered v,i th a bell jar. Tl'J:6 

leaves were, thus, i.n an a.tmosphe:re which had a high relative 

humidity. Vlhen the perm.anent wilting point was reached, the 

:mcist.ure content of the soil was· determinea.. f)es 'fable V. 

A hydro-thermo-graph was used for recording temperature 

and relative humidity. 'llhe chart was changed at t:t.l) end of 

each week. The mean tenrperature snd relative humidity was 

determined :f'or eaoll 48 hour period by integrating curves by 

mean.a of a planimeter. See Table 111 end Figs. 3-12 inc. 
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Cha.rt for e k ending Jan. 22, 1939. 

Pi 4. Chart for eek ending Jan. 29, 1939. 
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Fi 5. Ch rt for ;eek endin~ }eb. 5, 1939 

Fig. 6. Cha t for ee endin. leb. 12, 1939. 



Fig. 7. Churt fer week evuing ·eb. 19 , 1939 . 

The me~n temperature and relative hu~idity per~ 

hcur period is sho,n in Table 111. 

20 
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Fig. 8. Chart for week end ng .::'ar . 3, 195 

Fig. 9. Chart fer week endinr.: !,lc.r. 20, 1939. 
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ig. 10. hart f r ·eek ·5ndi rw. .~ar. 27, 1939. 

11. Chart for week ending ~pril 3 , 1939. 
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Fi • 12. Ch rt for wee endinp, Ayr·1 lOt 1939. 

The mean temperature end relati e umidity per 48 

hour pericd is shewn in Tables Vlll and Xll. 

t the end of 28 days, the leaves were re~cved from 

the ran:.aining ten plants in each e:roup na ol e printed . 

By means cf a plnn·~eter, t e tot~, leaf rea of each plant 

as de ermined from these blue prints. See ·ra le l. 

Series 2 end 3 ze:re conducted ccncurr ent ly. Al tbcu~h 

there were scme small VA~iations ln ~ethcd of ccnducting, 

it was in general the same as for series 1. Series 2 and 

3 were conducted over ner cd of 22 da ~ Ea ch pot con

tained 1?00 gra . s of soil composed cf 2 i:-art s of fine sandy 

loam and 1 part cf se ·er slud~e. Te moisture content of 

the soil at the beginnin of the e x eriment -;as 32.47 per 



cent on a dry wei~ht basts. 

There were 10 plants in ~ach group (A------~) in 

these series. ·rhe pots were ssaled as in series 1 and 

adjusted to a defini ta v1eight of 3•100 grams. The pH: 

cf each solution a:pplied, of the soil at the beginning 

of the experirl.'l.ent, and of the scd.l in each group (A-----M} 

at the end of the experiment (after being treated for 22 

days} was determined. See Tables lX end Xlll. 'l'he 

atmcmeter readings were taken end the water level in the 

bu.rette adjusted to zero E.tt '7:00 A.M., 12:00 ril and 5:CO P.M. 

'J:be leaf areae were determined t1.s in ;:,cries 1. 

In se·ries 2, tb.e su.mt) eHilts and Sf:illl.e concentrations 

·,Nere used e.s in seriee 1. In series 3, the salts ·were used 

at a eoncent,ration cf 6000 p~r·tz per millicn. Since Caso4 

forms a saturated solution with 1759 parts per million, 1.t 

was omitted from this series. 

:~V1th the exae:i_:;tiorrn:, noted above, tbe method ot: ccn

.duoti.ng serias 2 and 3 was tho same es the methGd of 

conducting series l. 
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Series l 

The transpiration par square inch of leaf area 

.is g:i.ven ble 1. 

'i'£.li.il(? 1. Tte eff,3.ot cf vi,ricus selt.s on the rate 
cf transpirati en per square inch cf leaf 

Plent 
11umbe:r 

l 

2 

3 

-4 

6 

1 

10 

l 

3 

4 

~ru:e:f'BCEl liu ei JH1:ric,d cf 28 days.,. 

Grams o:f:' VJ!"tt~er lost per 
~rd; durin~. 28 d£iYS 
Total J:'e.r ~:iq. in. of 

le .:i ;7' "l' 'Y'face 
------------.------.:;..-~';-;.~ ~-~ j .. 

.90 

21.89 

46.67 

51.?6 

55.48 

105 .. 11 

66.d:Z 

Ji!.) •,t.., • 

65.4? 

1008.8 

359.6 

550.7 

754.1 

649.6 

550.8 

919.-2 

?04.6 

1046.4 

11.50 

11.96 

115.SS 

ll.80 

12.03 

12.55 

10.?4 

8.71 

13.84 

14.22 

15.98 



5 

6 

7 

8 

9. 

10 

l 

4 

5 

7 

8 

g 

10 

111.37 

4g .. 1:.3 

98.40 

154.48 

?S.17 

110 .. 41 

84.96 

44.g4, 

60.?5 

(.;.Cl /Jt' 
t,,,, , __ } • ..... \1 

41.49 

44.92 

92 .:59 

159.87 

99.90 

96.24 

25 

1234.0 11.08 

714.9 14G55 

1116.2 11.:24 

195'7.2 12.67 

1346 .:3 1?.01 

1448. [, 13.12 

882.3 10.50 

492.8 11 .. 14 

~'77 .4 11.15 

82(} .9 9 7~ 
• c-_.l ---~ 

508.l 12.25 

558.0 12.42 

t,B4. 4 7.41 

12.12. 9 7.59 

1115.? 11.18 

04? .1 9.84 

Group. D. 1.rreated with 3000 pe.rts per m.illicn. of 1JgS04 

1 

2 

3 

4 

5 

0 

7 

8 

9 

52.16 

62.53 

68.50 

81.70 

97.88 

57.91 

41.42 

140.31 

123.35 

681.3 13.0S 

S93.5 lB.54 

760 .. 3 11.10 

1008.!J l2a34 

1281 .. 8 13 .. 10 

770 .. ?. 13.30 

670.B 15.20 

1588.l 11 .. 32 

1670.2 13 .. 54 



10 114.77 1448.0 12.62 

Group 1:. Treated 1;;,itb. 3000 parts per 1nillic11 of CaCl2 

1 

4 

7 

9 

10 

1 

2 

3 

4 

5 

0 

7 

a 

10 

1 

41.04 

45.64 

44.19 

93.30 

140.ll 

1.19.55 

45.15 

56.83 

75.77 

l0fi.2f3 

94.24 

145.32 

132.99 

58.2/l 

35.41 

71.60 

757.9 

810. S· 

551.1 

544.6 

98'7.2 

5()4 .!3 

1133.9 

505.0 

829.8 

728.5 

1053.? 

1021.7 

1167. 5 

1336.l 

1451.2 

1555.S 

77'3 .. 5 

650.'l 

1055.58 

12 .. 00 

ti .oa 

8.S-2 

11.93 

11 .. 41 

11.21 

.9.51 

9.46 

12.82 

13.55 

13.48 

1.0.13 

14.18 

12 .. 53 

13.28. 

17 .8'7 

14.75 
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4 80.14 1006.2 12.56 

5 82~'73 lt)32. 2 13.08 

5 77.05 92? .i 12.03 

'7 112':. }:'7 14:)3 ~·9 12. 5() 

8 13 17 .?9 1743. fj 12. {)5 

9 11.,.t.39 .l64Cl .O 14.42 

10 159 .• 97 1640.8 10 .. 26 

Each pot contained 1700 grams <.'ff soil. Its moisture 

content· was 28 .13 per cent. on a dry .;,eight basis, 

at tho beginning of the ex1ie:i:iut1u.t. 

•'" caso4 forms a saturated solution at a ccncentraticm 

of l '759 :parts 11er million. 



Table ll. Grams cf water lost per square i.nch of leaf surfac© from seven 
groups of plants, each group of plants watered 'With rainwater 

~a,: 1 
er a. difffare,nt salt solution, :t'cr .14 !JEl_:r.-iod.s cf 48J:ic\!_~'i __ es.ch. 

48 hour periocl 
ending at 4:00 ?faCr lfaHOU3 2,~gCT2 MgS04 Cs.C1i~{;a--S04, rain Tcrtar-1~1:ean 
f; 1,,1 on · · "" · ·t-: - r -·-· · ~aye ~ 

Jan. 18, 1030 o.e 0.8 0$7 0.7 O.B 0.6 0. "I 5.1 o.ns 
lan. 20, 1939 l.O 1.1 1.1 1 .. 1 1.0 l.O 1.0 7.3 1.04 

.. 
Jan. 22, 1939 O.? o.e 0.7 o.a fJ. '7 0.7 0.7 5.1 0.73 

Jan& 24, 1939 0.8 0.8 0.7 o.a o.s C1. 5 (}. 7 5.2 0.74 

Jan. 213, 1939 1.l 1.2 0.9 l.O 1.0 1.0 1.2 7.4 1.05 

,Tan. 28, 1939 0.8 1.0 0.8 1.0 .O.? 0.8 0.9 5.0 0.85 

Jan. 30, 19.39 0.5 0.5 0.4 o ~ :r; 0.4 (). 5 0.5 3 .• 4 0.49 

Feb. 1, 1939 ().8 0.9 0.6 0.9 0.7 0.8 0.8 5.5 n.79 

'?!eb. 3, 1939 0.8 1.0 0.7 0.9 o.e {~, 0 v .... 0~9 6.0 c~ o8S 

.,. b · 5 1930 £€3. ,,, ., o.e 1.1 0.8 1.2 o.e 1.1 1.2 7.0 1.00 

Feb. ? , 193£1 1.0 1.4 0 .. 9 1.5 0.8 1.2 1~3 7.9 1.13 

Feb. 9, 1939 0.5 0.8 0.5 o.s {). '7 0.8 0~8 4.9 0.70 

Jleb. 11., 1939 0.3 0.9 0.4 o.s 0.4 0.7 0.8 4.::1 0.61 

l!'eb. 13 li39 0.5 1.2 0.9 l 4 1.3 7.4 1.08 l'!l 
tO 

··otal ~.8 1 .o 0.5 12.1 1:~. 9 82.5 
Mean 0.70 0.93 0.'75 0.86 0.92 
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Analysis of Variancel 

Factors of d/f Sum. of Mean sq. or F value Value required 
Variance Sq. variance for: 5% l~ 

Total 97 5.2785 

Treatment 6 0.8949 0.14915 11.2143 2.21 3.04 

Replicates 13 3.3470 0.2575 ll;J.3609 1.89 2.41 

Tr. & Rep. 19 4 •. 2419 

Remainder '78 1.0356 0.0133 

Difference necessary for significance: o'x 2(2 
l1i 

O'::f0'".0133: 0.1153 

0.1153 X 2(2_ .. 0.1153 X 2.83 :a0.087204 
(r.4 - 3.'7417 

The analysis cf variance showed tha.t the salt treatments 

were highly significant in retarding transpiration. The 

chlorides retarded the transpiration enough to be significant 

but the bicarbonate and. the sulphates did not. 

1. Formulas taken from Love (17). 



',, 

Table 111. Mean relative humidity an,i tempr.:.rature and ratios of transpira
tion in gram..<=3 per square inch of leaf surface to evaporation 
in grams per square inch of atmometer surface during 14, 48 
hour Eeriods. 

Eva!). 
48 hour neriod Treatment from Mean 
ending 4:00 NaCl NaHC03 Mgc12 MgS04 CaCl2 Caso4 rain atm. 
P.M. on: water Grs. 

R.H. Temp. 
~. 0 1i1 
,~· 4 

per 
S9.. In. 

Jan. 18, 1939 0.296 0~296 0.259 0.259 0.295 0.222 0.259 --2.7 54.30 60.92 

Jan. 20, 1939 0.333 0.357 0.367 o.367 0.333 0.333 0.333 3.0 e0.?4 62.87 

Jan. 22, 1939 0.269 0.306 0.269 0.308 0.269 0.259 0.269 2.6 59.36 52.99 

Jan. 24, 1939 0.421 0.421 0.368 0.421 0.421 0.316 0.358 1.9 5?.98 55.18 

Jan. 25, 1939 0.344 0.375 0.281 0.313 0.313 0.313 0.375 3.2 58.88 61.49 ~ 

Jan. 28, 1939 0.276 0.345 0.275 0.345 0.241 0.276 0.310 2.9 50.05 65.29 

Jan. 30, 1939 0.278 0.278 0.222 0.278 0.222 0.278 0.333 1.8 74.85 51.04 

Feb. 1, 1939 0.471 0.529 0.353 0.529 0.412 0.471 0.471 1.7 ?l.41 63.45 

Feb. 3, 193.9 0.286 0.357 0.250 0.321 0.286 0.321 0.321 2.8. 59.02 62.30 

Feb. 5, 1939 0.286 0.393 0.285 0-.429 0.286 0.393 0.42~ 2.8 59.47 57.35 

Feb. ?, 1939 0.286 0.400 0.257 0.371 0.229 0.343 0.371 3.5 5g.94 59.54 

Feb~ 9, 1939 o.1g2 o.308 0.192 0.308 0.259 o.308 0.308 2.e 62.23 50.45 

Feb. 11, 1939 0.120 0.360 0.160 0.320 0.160 0.280 0.320 2.5 67.05 61.95 

Feb. 13 1 1939 0.200 0.300 0.150 0.300 0.225 0.350 0~325 4.0 56.83. 67.82 

t,;1 
I-' 



3.2 

Table lll indicates tl'lat the ratios of transpiration 

i'rC!m plants treated v,1ith Na.Cl, MgCl~, and Ca.Ca2 , to the 
(-, " 

evapori1tion from un e.t:mometer are less than the ratios of 

tra:r..s:?irati on fro:m plants treated with NaHC<.\~, !it!gS04 and 

Caso4 to the eva.porati.on from the atmom.eter. 

It ·was felt that the moving average would give a. better 

::picture of ·the general trend of results than the actual 

transpiration per s:.;iu~re inch, s.ince the movin~ average ten.ds 

to smooth ·the effects of fluctuations fro:'.'11. period tc period. 

See fig. l!,. 

F·igs. 14 and 14A picture ~raphically the retarding effect 

of !foCl, M:gC12 , and CaClz as contrasted to the lack of re

tardation cf transpiration from. plants treated with Ca8C4, 

NaHC03 and rainv;ater. 
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Table lV. ·'1' The pH of the salt solutions applied, and 
of the soil after the solutions ha.d been 
applied <luring 28 days. 

Materials pH er the 
solutions 
applied 

pH of soil after 
solutions were 
applied 28 days 

* 

NaCl 

NaHCC3 

MgCl2 

caso 4 

Rainwater 

6.80 

9.55 

8.70 

8.28 

7.70 

?.70 

7.90 

6.78 

7.98 

5.55 

'1.28 

'l .85 

7.55 

The p.11 of the soil at the beginning of the expr:)riment was 
7.40. 

The :results given in Table lV indicate that the pH. of 

the soil at. tho end of the experiment r;1as effected by the 

pH. of the solutions applied. 



Table 'l. rrhe molsture con.tent of the eoll at the 
beginning of the experir,(l.ent and the wilt.i ntr; 
coefficients after the plants had been 
treated 1:;ith various sr .. 1 ts duri .. ng 28 days."' 

Moisture content 

37 

Treatment of scil a.t the l'ilting coefficient 
beginning of exp. at end cf exp. 

Iio treatment 28 1,;,~t • .:) p.J 3 90"1 • . ; 1·) 

lla.Cl 3000 PPM 28.13 ,.,n 
tisJ:lC03 3000 PPM 28.13 4.U'l 

M()i'Cl ,c,, . ·2 3000 PPM 28.13 6.ll. 

MgS04 3000 PP'1£ 28.13 4.85 

CaC12 3000 :PPM 28.13 6.51 

OaS04 3000 PPM 28.13 6.59 

Rainwnter 28.13 4.43 

The moisture content v-ias deterrrdned on a dry weight basis 
at the beginning cf the ex.periment and the wilting co
efficient was determined on a dry weight basis at the end 
of the experiment. 

lrom the wiltin.g coef:fioient.s given in Te'ble V., it 

appeat·s that the plants can reduce the moisturG content of 

the soil to a lower level when treated with Caso 4 , :MgSO 4 , 

1'TaliC03 and rainwater than they can when treated with NaCl, 
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Series 2 

fleries 2 ,.,,as conducted to see if 1 t i.'!.ere possible to 

duplicate the results obtained in series l. In Table Vl 

is given the treatment ct the various plents together with: 

their tot~l leaf area, the tot.jl transpiration and the rate 

of transpir.ation per square 1.nch or leaf area d.uring a 

period o.f 22 days. 

Table Vl. 'l1he effect of· various salts upon the rate 
cf transpiration per square inch of leaf 
surface when applied during 22 days. 

Plant Total leaf Grams of water lost per 
number area ( C" in.). rilant durinci: 22 day;s Yq. 

rrotal Per Sq. in. of 
leaf surfeoe 

(Jrou:p A. Treated vlith 3000 parts per million of HaCl 

l 29.72 459.5 15.80 

2 31.12 509.2 19.58 

3 17.48 302.3 17.29 

4 10.82 252.8 24.29 

5 13.07 193.4 14.80 

6 14.82 234.4 15.82 
.., 23.37 378.0 16.17 

6 32.25 500.3 15.51 

9 14.20 280.6 19.'75 

10 18.87 471.9 25.0l 

Group B. Treated with 3000 parts per million of ;ia_gC03 

l 7.42 865.5 35.78 

2 27.54 518.3 18.75 

3 1a.2s 482.0 29.66 
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4 36.86 748.7 20.31 

5 12.58 339.0 25.74 

6 10.44 341.5 32.71 

7 32,.31 541.0 19.84 

8 14.12 369.8 26.19 

9 24.65 531.8 21.5'1 

10 25.35 668.l 26.34 

Group c. Treated with 3000 parts per mi.llicn of M Cl g 2 

l 15.41 340.5 22.10 

2 7.77 171.0 22.01 

3 23.35 437.0 18.72 

4 10.47 154.3 14.74 

5 17.85 400.7 82.45 

e 18.95 383.8 20.25 

? 13.16 348.2 26.45 

8 21.94 451.2 20.57 

9 20.02 4111.4 24.55 

10 28.42 50·6.8 17.83 

Group D. Trea.ted ·with 3000 parts per 1aillion of MgSC4 

1 44.10 995.6 20.33 

2 15.30 390.5 23.95 

3 32.15 '713 .o 22.17 

4 9.23 323.6 35.06 

h 29.32 416.8 14.22 V 

6 26.02 663.4 25.50 

7 25.95 537.4 20.71 

8 8.52 228.0 25.45 



g 

10 

15 .. 32 

21 .. 93 

313.8 

5'17 .4 

20.48 

26.33 

40 

Group E. Tre£tte<l with 3000 :parts })GI' :mil.lien of CaCl2 

l 28.22 555.6 lG.69 

2 66.93 714.13 10.68 

3 29.42 524.C 17.81 

451.7 18.05 

5 11.17 235.8 21.11 

6 76.82 945.9 12 .. 31 

7 13.73 303.4 22 .. 10 

8 14.14 288.3 20.39 

s 4o.9e ?54.0 15.27 

10 49 .10 730 .. 5 14.88 

Group Jl. Treated witb 1759 parts per m.i.llion of Ga.S04* 
1 

2 

3 

4 

5 

6 

7 

8 

g 

10 

20.15 

20.£8 

11$98 

20.06 

15.'13 

29.58 

30.08 

17 .90 

62.33 

18.31 

349.7 

!558.8 

355.0 

521.3 

385. 7 

703.7 

?04 .. 9 

339.4 

1083.2 

430.2 

Group G. Treated. with rainwater 

l 

2 

25.14 

40.89 

805.l 

988.9 

17.35 

2'7 .55 

29. '72 

25.99 

21.86 

23.79 

23.45 

18 .. 95 

l'l.39 

23.50 

24.18 
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3 25~25 S10,.4 23.24 

4 25.8€ 731.6 28.27 

5 20059 581.9 28.26 

,5 26 .. 25 65'7 .1 25.03 

7 16.58 310.? 18~'14 

8 35.54 909.5 23.54 

9 11.79 249.9 21.20 

10 27.76 735.4 2fi. 4,9 

:,,- Caso4 forms a saturated solution at that -0oncentretion.. 



Tabl0 Vll, Gra1rts of 'Water lost pEtr square inch of leaf surface from seven 
groups plant:~, each group 1rv'atered "'iii th rainwat.r.~:r or a 

~.,-. .. --,. different sa l t JL2 .. :L\~:1.:! on 1 .. 1. '!!.t!liLJ:.,±. _p,~r} .. ('id ti _51 f 48 .J':-?.:t:!'~~ . .C!.!..C_., _b_ .• __ 

t18 hour 1:ceriod Trt1a·t,r11.ent ': ;:., i . ,!" ·~ n " ~~''"'1·y1'1·.s••i<11(1',~f~o~~---<~--~1 · ,:!_ ·t ,r·_i {"·) i~"·7,r:f·-7~-~\'-' <liSi 'I .• 

. rJnu n.g tit o,00 i"E"'·· J:,J!:icG ... ,, .,.,Jl,v.,,,, ;i,,.~.;:;,,,4 -.fi.:v.,..2 ·.JcJt:\L>t r::n.n 
"'f) ~j:'f •-'~ • .e_;,, '·-· (:,..;, ·01' '_· ·~ ','J!, ·,i,-,_4,.·,«c~ 

..: • ,,:. • O.'.l, '\,,,,:;,. v>S·J. 
~-~-~.,.,-~- ,;.._.,..,,,;-,,w.·.,a:'.:,~~-~ ............. ,'>~-.. -----

l"" r ,1 ;t 1cc:eq · .... "a • .J. ;.; • .• ~h.J I!<,· 0.9 1.2 1 ~ ""'"' .,,,...: 1.3 1.2 1.3 1.1 8.3 1.19 

r. 17, 1939 3.5 4.0 4.2 3.7 2 .r;, ;.3. ~ 3.2 2308 3.40' 

~· C 
.. .l.;, ' 

• 21, 

;)J,::i.r. 

11:tiar ... 

t1eir. 
U(e..r. 

Mare 

r,r;;i: 

""""' 
2 &-.,~ .... , 
Z'l' 
29, 

31, 

J.939 

J.939 

1-939 

1939 

Hi39 

1939 

19:39 

Apr. 2, 1CZ39 

e1~pr. 4, 1939 

·~ 
J. .4 

l.? 

,2.2 

l.l 

1.4 

o.e 
1.8 

1.f3 

2.1 

2.8 

l. 7 

1.8 

0.9 
"") !it. (..;.. 0 

E~.O 3 .. ·1 

1.3 1.5 

1.4 

1.9 

2.5 

1.2 

1.5 
c.a 
.,. ,:;, 
r,..,. .• w 

1.7 

2.0 
9 ,Cl ~""' . { .. ,) 

l.,3 

1.8 
l "I -~ 
2.3 

,2.5 2.; 

1.2 1.2 

·1 r: _ ... ,J 

1.7 

1.4, 

0.9 

1.3 
Ooo 

1.4 

1.7 

1.0 

1 .. 8 

2.0 
n .v 

1.3 
1;.o 
0.8 

~~ .4 

r, .1 

2.0 

1.9 
t~. 7 

;?, • 7 

1.6 
2 .. 1 
1 .• 0 

Z.3 

11.5 
14;. l 

.7 

9.1 

11.9 
o .. o 

ltLO 

l.64 

A.01 

2.39 

1.30 
l.'70 

0.86 

£1. 2.-9 

;:Lo 18.9 2.'70 

z.z lG.5 1.fiO ----......-~------------------·-------------------- ' __ ..,... ··-_ ... __,__,____,,. ____ _ 
Total 18.l 23.5 20.7 .1 15.0 21.9 25.5 14&.B 
~ ... ~-----·----------------------------,---------------------------Mean l. 155 r;o 14 l.f:S .. 2.01 1.38 l.'09 2.3£ 

.~ 
I\) 



Factors of 
Variance 

Total 

Treatment 

Replicates 

Tr. & Rep. 

Remainder 

Analysis of Variance1 

d/f Sum of Mean sq. or F value 
Sq. variance 

76 51.127 

6 6. 63 8 1 .10 6 

10 38.578 3.858 

16 45.216 

50 5.911 

11.228 . 

39.168 

0.0985 

43 

Value required 
for: 5% 1~ 

2.25 3.12 

1.01 2.66 

Difference necessary to be significant:~X 2~ 

~f0.0985 :: 0 .3138 

~ X 2{2. 0.3138 X 2.83 : 0.25776 - -,rr - 3 .3166 

An analysis of variance, calculated from the data of 

Table Vll, showed similar results to those obtained when an 

analysis of variance was calculated from the data in Table 

11. Again the treatments were highly significant. The 

chlorides retarded transpiration more than the other salts 

did. In this series, Mgso4 and Caso4 retarded the rate of 

transpiration enough to be significant. 

1. Formulas taken from Love (17). 



Table Vlll. Mean relatlve humidity an.a. temperature and ratios of 
transpirati en in grarris per square incb of leaf surface 
to EJ''laporati.on in grams per squfs.re inch of atmometer 
,'.:lurface for 11 t)ericds of 48 heinrs each. 

*""5, .. .,.., ...... _.,.._.,,..,,.,i;,, ____ ,,....__ - ,,,,_,___.....,.._... ...,--- ]';,vap. 

4,J:3 hour p[1rlo6 . . .· Treattrent 
d 1 · ,, t/.·, C)O ?r""·1-~:, ··o· ,-,,..0 1 · '·' ("sc; ·~:-C"1 en .i.no {},. ;.is8.v -'«:.~ .. ,.li ,·;i: !},,i:,'"' ~' _ .. g..:• '4 l,.,,,r ',c,2 

P ~ i5 (/ c:>n : u '"'-" 

~·--· 1..,a,:::,1,.1, :rciin ,.,c 
- vi!a t,er 

from. 
atm. 
C}r8. 
per 
<..::-- f'1 J1~"-

------ - "'" ..,_-.,, ____ ___,,..._, __ ._,__ ·-; - ------ J;.;.J l.1. .,_.l .• 

r. 1£5, 2.939 0. J.64 0 • .'218 (). 2.36 ·O ,r-,,,-z..,. 
• ?. ,J t) 0.218 0.236 0. ,800 .; i:'. 

,c,,_:- .. ~.) 

• 17, 1939 0.881 1.007 1.057 0.031 G.579 0.730 0.805 4.0 

t~~e.1~. ls, 19!39 o. 6 rJ.303 ().23G c.2ea (J.Bt13 0.30~) 0.320 5.9 

Tu.T~r. 21, J .. 939 0 ... 210 ·o.;~;,41 C.308 0.325 0.2?8 C.325 0.438 6.2 

:0:er~ 1939 0.33? J.493 C.440 C.493 0.247 G.405 0.476 5.7 

r. 2•3, l9~.3;£f () .~):°)f') () .4;71. C. ::;.~.3. 0 .?3:30 0. 249 C.3f}O· C:. tt43 3.6 

T" ~ 27, 1 Q~O ,.::.., vv .J 0 ... 4:~14 0.571 0.475 0.5?1 0.412 0.535 o. 6 3.2 

Mer. 20, 1939 0.578 0.651 0.579 0.795 0.434 0.578 0.723 1.4 

Mar. 31, 193G 0.4?1 0.680 0.575 0.501 0.356 0.62? 0.6B3 3.8 

Apr. 2, 103~ 0.380 0.590 0.478 0.55£ 0.323 0.590 0.685 5.3 

' 4 r n ~1~ 0 ~~· r 0 "J O• 001 O· ~ANO • 0 ~ n ~~~ 4 1 )~1..I)I• • ·, !i lt ·.,,-· rt,,) - J \ it<) t)~, ·~} • r.,1;,, ,. ,; • (;,,:., • i:;,.~.i:) - • -:1:c:} 0 v • ""''0C'., _._ • 

~.c:·-,a.··-------------,;.---.,,n,.--··'""''-'-- .... ----------
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Temp. 
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Fig. 15. 1\. comparison of the rr.tios of trans
piration of plants ·watered ·Nith various 
salt solutions, to the evapcration from 
an atiilorneter, by means cf a .mo,ring 
aveI·f,.ge, extending ov(-1r 11 periods of 
48 hours each. 
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Fig. 15A. A co.m.pari..son of the ratios of trans
piration of plants watered with various 
S'3.lt solution;::. tc th-3 13vaporation from 
an atmometer, by means of a moving 
average, extending ov:.:r 11 per.icds of 
48 hours each. 
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In. Table Vlll is given 'the ratios of transpiration. 

from ple1n.ts treated with t.be V.9.ri<.':>Ue salts, tc; the evapora

tion from an a.tmo:m.eter. These ratios vere trea:tbd by means 

of a. rncvi.ng avera~e and the results sho\.'1111 graphically in 

Figs. 15 end. l5A. It will be noted that th.ore is a close 

sirdlat·i ty cet't?een these results and. these obtained in Figs. 

14 f'.ll'.Hl 14& .• 

Tuble lt~• The pH cf the BClutione applied. and of the soil 
after ti1e va1·ious solu.ti ons h.nd been applied 
d,1Jri ng 22 da~rz • 

Na.Cl 

NeHC03 

=~t;Cl -~ 2 
"'•ft ,r'i ... , 
~c.g0i..14 

CaCl.., 
~ 

C c•c el.:> 4 

!i:~inv;a ter 

t:R of the 
soluticns 
£~.pplied 

'l~OO 

9.38 

7.57 

? .66 

7.75 

'7.56 

?.72 

nH of the soil 
aft;;;-r the solu
tions were 
a.pplied 

7.55 

7.13 

"l.43 

·Tb.e i;:H c,f the scil st t,he beginning cf the expe:rirr.ent was 
7.80 .. 

The pH values given :!.n Table lX indicate that the final 

pH o:t the soil ¥Jes affected by the pH cf ·the solutions 

applied. 



;Series 3 

In sari es 5, t,.b.e salt &olutic.n3 we.re used a.t a ooncen

tr~'tiou of 6000 parts :per .million. In Table X.,, the t.rans

pi ration per square inch of leaf araa is ~i van. 

i~able X. Tbe effect of varic,u.s 1:1elts on t,he rate ot 
t,rer:~pirat.ion per square inch ot leaf area 
;;-J'h~n applied du.ring 22. days. 

l'Lant 
nu.mber 

.... - . -~-~ 

Grc,u.p H. 

l 

2 

3 

4 

5 

6 

? 

8 

9 

10 

Group I. 

l 

2 

s 

4 

5 

Total le.at' 
area (B.:i. in.} 

Orar.1s 
.'.1lan.t 

er wa t~r lcet nerr 
ouz·ing 22 · dazs ~ 

. . . Per Sq. in .. of 
leaf surtace 

Watered v,i th 6000: :parts p€1r rrJ.lli.on of ire.Cl 

12.11 263.9 21.79 

15.?2, 2cW .O 18.26 

28.97 534.2 16 .. 44 

19.37 249 .. 5 12.89 

217.34 356.2 13.03 

11.34 241.7 .21. :?>1 

20.41 214.2 10 .49· 

28.30 27P/.1 9.79 

19.16 852.0 13.15 

19.59 323.5 16.51 

Watered with eooo parts per million i'efaHC03 

12.50 287.8 21.42 

15.83 300 •. 2 l?.$4 

14.99 564.2 24 .. 30 

22.13 539.0 24.36 

24.07 514.7 21.38 



'l 

6 

10 

l 

3 

7 

9 

10 

l'i' .88 

12. 6';3 

10.12 

23~26 

49.73 

21.20 

25 .. 2'/ 

18.tJO 

27. !:\2 

14.58 

7.46 

25.93 

2.4~23 

15.46 

12.09 

158.5 6.85 

2ee.9 21 • .19 

325.9 32.20 

551.4 :d4.14 

80&.0 15.21 

309.7 14.&l 

291 .. 1 11.08 

227.7 12.06 

4!31.3 15.6'7 

19?.9 1~~. 57 

206.3 2'7.135 

272.4 10.51 

399.9 li;.50 

191.5 11.00 

223.1 16.45 

Group K. \iatered with 6000 parts per million MgS04 

1 14.75 

2 30.77 

3 15.US 

5 12,A6 

t) 12.15 

7 Plant died 

8 

9 

10 

26.52 

18.07 

21.41 

329.2 

516.3 

258.7 

rl02.5 

362.0 

329.7 

545.4 

418 .. 'l 

580.4 

22~32 

16.?8 

l?.10 

28 .. BS 

29.05 

27 .1,1 

20. e,? 

23.06 

27 .11 

49 



Group t. ·watered with 6000 parts per million CaCl2 

l 2.5.32 442~1 

7.94 187.9 

2e.20 279.a 

2e.a5 2B3.8 

5 2ti>. 24 ,144 .3 

1'1.24 283.5 

7 21".} '"0 i • t"":~. f}03.1 

30.82 !:732,,. 4 

.21.03 25t··. 5 

10 17.41 883.l 

Gh.•oup :M. Watared 'r<i th rainwater 

3 

4 

5 

6 

7 

6 

9 

10 

'i .l? 

4:3. 53 

23.52 

18.'14 

l?.20 

22.63 

31.05 

2t3 .3€1 

22.55 

37302 

246.7 

1021.a 

523.5 

497.5 

385.4 

772.3 

875.5 

657.7 

645.5 

17.48 

23.65 

10.57 

9.V5 

17.50 

15.28 

18.10 

1 ., <,;r, 
oe-"!... ' -~ t ..... • ~ 

1Zwl5 

J~6.2i) 

34.41 

23.42 

22.28 

26. 5f5 

28.30 

22.39 

2s .. 01 

50 

The results 1-ndict:te ths.t all five of the salts have re

tarded the rate of transpiration as cc,z•pared to the rate of' 



Table Xl. Grams cf '?iSter lost ner s:ma.re i.r.ich of lo~if surface 
from O grcUpS Of plants J €El.Ch 8l"0Up watered iXi th 
ra:inv,(J tt';r or a _;iifter,0nt salt solution durir,p: 22 days. 

48 hour D&ricd . . . Treetment 
ending at o:00 iiac'1 NaEC'o3 Mg019 ::,zg'so4 CaCl 0 rain Total Lii~ean 
;;:. ,,.:, on· "' e:::, 11'"'t 0. r -"' .i~.t. • ,,'yn_.! ",-;i-

1':lar. 14, 1939 2 .. 5 1.15 

.Mar • 16 , 19 3 9 3 • O 3 • 3 

. 18, 1939 1.7 l.? 

tlar. 20, 1939 l e4 2.0 

~ar. 22, 1939 2.0 2.7 

.Mar. 24,, 1959 o. a 1. 5 

:ciar. 26, 1939 o.a 1.2 

M~tr. 28, 1939 0.8 1.0 

1,:1:'ir. so, 1939 0.5 1.1 

Apr. 1, 1939 1.0 2.3 

Apr. 3, 1939 0.6 l.? 

'rotal 14.'7 20.l 

lv1ean 1.34 1.83 

2.0 2.0 8.0 

3.3 3.4 2.9 

2.l. 12.2 2.03 

2.6 18 .. 4 3.07 

l.l 1.5 1.7 1.8 

1.5 2.0 1.5 2.0 

1.8 3.2 2.1 2.9 

0.6 

0.9 

2.0 

l.5 

0.5 1.1 

1.0 

o.s 
0.7 

2.0 

1.7 

1.5 

~.5 1.58 

10.2 1.70 

14.? 2.45 

7 .? l.28 

5.7 1.12 

5.6 0.93 

0.7 1.1 0.7 2.0 6.1 1.02 

l.l 2.B 1.2 3.8 12.0 2.00 

0.7 2.5 0.9 3.5 0.9 1.65 

14.2 25.l 15.2 25.7 113.0 

1.29 1.92 l.3B 2.34 

01 
~ 



:Factors of 
Variance 

1i'ota1 

'11reatment 

Replicates 

Tr .. & Rep. 

Remainder 

,'; ·1 . f' 'l"f ' · 1 "~na ys1s c;; variance 

d/f Sura of S~2een £,q. or F value 
Sq. variance 

46.1904 

5 10.7922 2.1584 12.8095 

10 f15.28'71 2 .. 5287 15 .. 0071 

15 35.0?93 

60 10.1111 0.1685 

Value reouired 
t>or· 51! 1' cii~ ., . ' • ' i·' ,~ 

2.37 3.34 

1 .. 01 2.86 

Difference :necessary to be significant- o' X 2,J2 ... -,Jr 
C1::,fo.15B5 :::.0.410 

~!..& X 2/F _0.41. X 2.83 s-0.3498 
..,-rf -3 .31,56 

The analysi.s of variance, calculated froi::n th.€) data in 

slH:w.:ed that treatme.r:rts were highly significant. 

idl salts retarded transpirat:ton en.cugh to be .sign.ificant .. 

No doub-t, t;he higher con.ee.ntrstion caused a larger accumula

tion ct salts in the soil and tr1ey h:ad more effect t.b.an they 

did in series 1 and 2. 

1. Formulas. taken from L-0ve ( l '7} • 



Table • n relBti·ife humidity a tem,porature r:.trid re:;tios of 

~,:;'.',~----

transpi:r'ation i,n grarr1s p,Jr SC/Ul1,t'e inch of leaf surfei,ce 
to eva.·ooration in grarr1s 1)er SQuare inch of atmometer 

...... ~urface during ['.t~ <'.h:_,rv,..s ....... _~ ___ . _____ .....,. __________ _ 
Bvap. 

48 hour ner:tod Treatment fI"<.)I!i), I~foan 
ending 6:00 , !{( Cl 'N"' !3:00 'i1"Cl d ~O ,.. '"'J ' , -t + B. • I:I • Temp. :,:3, " J;' a ,, 13 '" u ',' 2 ,,,,,,g,_ ,· 4 val>~~ ra ... n a ... m.. 
F.}~. on: '"' water Gre • i OF 

per 
~so. in. 

Mar. 14, 1939 0.35!5 o.2g7 0.284, 0.264 0.294 0 .. 29B 7.0 4,9 .42 ?4.31 

Mar. 16, 1939 0.'704 0.?174 0.774 0.798 0.657 0.610 4.3 60 .72 69.78 

Mar. 18, 1939 0.409 0.409 0.265 0.361 0.409 0.433 4,. 2 02.11 58.84 

r. 20, 1939 0.211 0.301 0.226 0.301 0.196 0.301 6.5 53.32 75.97 

Mar. 22, 1939 O .. Z341 0.450 0.307 0.545 0.358 0.494 5.9 49 .40 80.10 

Mar. 24·, 1939 O.llB 0.2f!5 0.118 0.393 0.197 0.393 5.1 61.15 76.55 

• 26, 1939 0.207 0.414 0.310 0.517 0.276 0.586 :z. 9 73.55 72,. ~5 

Mar. 28', 1939 0.!356 0.445 0.223 0.490 0.312 0.668 2.2 '76.90 '79.85 

1'!ar. sc,, 1939 0.198 0.435 0.277 0.435 0.2'77 0.?91 2.5 58.4Ci 62.30 

lipr. 1, 1939 0.221 0.506 o.s,z o.a1g o.2e5 0.795 4.5 57 .35 76.45 

Apr. ~ ·g~a O ion O 3A3 v $ ,J.,. 'I)., a I · " \,J 0.126 0.445 0.180 0.623 5.6 50.80 '16.35 

ij 
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of plants ·treated with various s.alt solu
t1un<:~ Lo libs eva,por.sit,ion i'rcr;1 an stuom.eter, 
by means of a :moving average, extendirg 
OV8r ~ perlGd of 22 tlays. 
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When the ratios in Table Xll were treated by means of 

a moving average, a.nd the results were shown graphically in 

Figs. 16 and lSA, the retarding effect of all cf the salts 

was quite notideable. Whereas, in series 1, the plants 

watered with bicarbonate or sulphates, transpired at a rate· 

comparable to the rate of transpiration from the plants 

watered with rainwater, in series 3, the plants watered with 

these solutions were m.uch retarded in their rate of transpi

ration. as eompared to the rate cf transpiration of the :plants 

watered with rainwater. 

Table x111.• The pH of the solutions applied and. of the soil 
after the various solutions had been applied 
during 22 days. 

Material pH of the solutions pH of the soil after the 
applied solutions were applied 

NaCl 

NaHC03 

MgC1 2 

MgS04 

CaC12 

Rainwater 

7.35 

9.33 

7.54 

7.?0 

7.86 

7.95 

7.34 

7.80 

7.12 

7.33 

7.22 

7 .4? 

* At the beginning of the experiment, the pH of the soil was 
7.80. 

Although the soil in all of the pots in series 3 had a 

pH value of 7.80 at the beginning of the experiment, at the 

end of the experiment, the pH of the soil in the various 
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groups varied so:me·Nbat lndicating that the pH of the solu-

tions applied had a.f'fe.cted the ot' the soil. 



58 

DISCUSSION OF E{BSULTS 

An analysis of the data presented in Tablr)s 11, Vll 

and Xl showed that the plants 1r;atere<1 wLLh solut,imts of J:Io.Cl, 

.JiigCl~ and Caca., had eig11.ificantly lower transpiration rates 
- I;;; 

per squore ineh of leaf' area than those pli:;;,11ts 'l;':ater,~d vdth 

ra:luwater, when the salt solutions were applied at concen

trations of 3000 pe.rts per million and 6000 parts per !'lillion. 

The :plants 11;,'ti'i,ered with a. solution cf CaS04 * which had a. con

cemtra tion of 1759 parts per million., tram.rpired at rates per 

square inch of leaf area se:met)ihat lc,:wer than those plants 

·watered with rainwater in .series- 1 and significantly lcwer 

in. series 2. The plants 'ii'B.t,ered ,pith a Mg:S04 solution trans

pired at roximately the sart1e rates fas the plant.s ,f~'stered 

in series 2 and 3. Tbe plants watered wi 

transpired slightly faster than t,he :plants via.tered v1i th rain-

2 and slg,:iificantly lower in series 3. 

'l:he higher mean air tem:perat,ur3 ( the 1:-:ecn air tempera

ture ·was 62 .4 °lf• during series l and '13 .8°1" dur:lng eerieH 2 

and 3) and. the lov1er mean relative rmmidi ty ( the ~1er:n:1 rela

tive humidity was 62.3 per cent during se:r'ies 1 and !S0.9 J;er 

tierrt during series 2 end. 3) of the air in the greenhouse 

during the time series 2 and 3 were 'being conducted, induced 

,i CaSO 4 forms a saturated solution at a concentration cf 1759 
parts per million. 
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higher transpiration rat,e,s~ A.ppa:rently, the accumula-

'lr'J<SJre .not f!'J.ff.icient to ,signi t'tcantly retard transpiration 

cf the plants watered vn. th solutions of 'those sa.l·ts. It 

fteems t.hEit the accurrtUlations of CaSO 4 and rv1gso4 in the soil 

in series 2 end the accumulation cf NigSC4 and lia}IC03 in th.e 

sell in series 3, were sufficient to significantly retard 

tra:nspiraticn 0f the plants 1tHiterad with solutions of those 

salts 1Mb.en the l.'1:tnwspheric ocndi ticns were rs.vcrable for 

higher :rates cf trsnspiratlon as in series 2 and z. 
1'he data obtained :frcm ser1€s 2 am:! 3, which \\'ere con

ducted concurrently, indicate that in general, the plants 

wat,ered with salt E.clu.t.1 ons cf snoo rts per million. con-

centratlon .had lower transpiratic:n rates per square incl::. of 

cepticn to thi.s, having approximately the same rates of trans

uiratim.1 z,t both concentrations. 

tfie ( 24) found a closer correlation beti/:een the trans-

piration crurve and the curves of air tempnrature rrnd relative 

humidity then between the transpiration curve and the curves 

cf e.ny 0th.er factors m.easured, such as, evaporation and set.

uret,lon deficit. 

Reed (23} :found that 't.'1heat plants transpired at diff'erent 

rates when treated with different salts. He used Na1103, 



K2so,p CaH4 CP04 ) 2 and Cac:o3 • Using the transpiration rate 

cf the control ·plants as a bs .. '3is, ccrc-pa:rlscn and ro-

relative velues: 

CaH,; (:PO ;1) 9 100 .8 pe:r' cent end CaCOr,i: 97. 9 p(:1r cent,. 
-:,; "ii; e., v 

viheat v1as germinated and grown in ncnsaline scils and some 

in se.li11e sci ls containing total scluble s.al ts amounting to 

L. 5 po:r C<mt of the dry weigttt of tb,e soil. Vihen the plants 

v:ere about 6 .inches tall, tbe leaves were cut off and ,::1eighed 

at varioun in.tervals. The lrJs.ves lost the fellowing ptfT cents 

of their original ·'?mlg'rlts. 

ExnE,rimen1; number 
Period of' exposure {hours) 

I.eaves frcm ·plants grov-m. in saline soils 
Leaves fror:1 ;plants grown in nonse.line soils 

l 
21 19 

1s1t 
489; 

3 

'11he above :ti::':::ults d.emonstriite that leaves of· w.bea.t plants 

gro1Nn in. rnnils containing 1. 5 JH:ir c~mt of salts, lost eon-

saline sr.1ils. I'he transpi:r·ati on rates of wll.ee.t ·plants grown 

in soil contairdng n. 09 and O. U: per cent c;f so lull le salts 

increaaecl, the t:nc:rease being greater V',i th the smaller c.::mcen-

series 1 sbown in Fig. 14, 

shew there was a progressive reduction in the transpiratton 

rates of plants watered with solutions of NaCl, MgGl2 and 
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CaC12 of 3000 parts per million ccncentration, compared to 

the transpiration rates of plants watered with rainwater, as 

the accumulation of salts in the soil increased~ The plant/ 

atmometer ratios of' series l; shown in Fig. 14A, show no sig

nificant difference between the transpiration rates of those 

:plants ·:::3-tered. with eclutions cf CaS04, MgSO 4 and MaEC03 of 

-3000 parts :per millicn concent.ration and th~ transpiration 

rates o!' t;:..ose plants watered with rainwater. 

So far as known, the only variable factor between series 

2 and 3 was the difference in concentration of tl:.e salt solu

tions applied. The concentrations being 3000 parts per milli

on in series 2 and 6000 parts per nillion in series 3. When 

the plant/atw.on1eter ratios of series 2, shcvm in :Fig. 15, were 

com.pared. tc the plant/e.tmometer rattos of series 3, shown in 

Fig. 16, two r,oints were noted. The· retarding effect on trans

piraticn of sB.lt solut:-;ions which had a. concentration of 6000 

parts per million was greater than the retarding effect on 

transpiration cf salt solutions which had a concentration of 

3000 part.s per nrlllion, the only exception being the plants 

watered 1Ji th solutions of CaC12 • Those :plants transpired. at 

approximately the same rates in both series. In both series, 

there was a progressive decrease in transpiration rates of 

these plants watered with selt soluticns, cmnpared to the 

transpiration ra.tos of t,hose plants watered with raim:ater, 

as the accumulation of the salts in the soil in.creased. 
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These results are similar to these obtained by Meyer 

(21). He conducted transpiration experiments at the Desert 

Laboratory, Tucson, Art zone. Oottcin plants 1.1ere treated with 

NaCl, NaN03 , KCl, KH03 , CaC12 , and Oa(1'W3) 2 • All salts were 

applied to the soil at concentrations equivalent to 0.025, 

0.05, 0.1, 0 .. 2 and 0.4 per cent of the dry weight of" the soil. 

With the calcium· salts, an additional concentration equivalent 

to 0.8 per cent of' the: dry wgight of the soil was u.sed. The 

experimen:ts were conducted for four day periods. .All concen

tration$ of all salts, except the two latl\>est concentrations of' 

K1>J03 , caused a reduction in 'tra.nspir·ation rates. 'rhose ·two 

caused slight, increases in transpiration rates. 

A comparison of the mean rates cf transpiraticn :per square 

inch of leaf area of the plants watered wi. ~h different salt 

solutions, as gi veri in Tables 11, Vll ana Xl, i nd:lcated the 

effect of d1.fferent ions varied. If the effects of two sal'l;s 

having a oom.i.u.on catton or anion are different, it would seem 

logical to attribute the d.iff'erenee to ·the eft'ect of the unlike 

ceti.on~ m• f:lDion.s~ The inhibiting effect cf the various ions 

was as foJ.lovis: Cl.> co3 when oombinad vd. th Ifo., 01> so4 ,vhen 

eombined wi tb Ca or Mg and Ca)> iJJg when ccmbi ned with S04. 

There were some variations in the lllat;ni t.uo.e of retardation 

caused by Na, Ca and Mg when combined with Cl. The inhibiting 

effect v11a.s i\f.g/ Ca>Na. ln series 1. The inhibiting effect was 

Ca)"Na)-Mg in serios E. The inhibiting effect ·was Zt1g/Ha)'Ca 

in serios 3, 
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'These results do not agree entirely wi ·th those found by 

Bouyoucos ( 2) • 

f·o110··""'. n;,,) f,,,a-• ,., ~ • .,.. a. '--~::::, ) 

A .• J .,i. · 'i "0 '"'l san,. uu.vure,, .... ·'3/ ,.., Cl. 

in-

(in 

The 

fe,N d:Lt'fr::lrences in results could b:;;, due to differences in the 

conditions 1.rnd.er which the exprn"iments .we.re conducted, strnh as, 

different, concentrati{?llS of' the salt solutions anf.i cUff'erent. 

r1edla · !'or growing t.he plants ... 

The pll values given in Tables lV, lX and Xlll indicate 

'tha:t ·t.he final :prI of the sou. ·war:: i nfluencod by th€~ pH cf the 

solutions applied. This thcught ?u:1s substantiated by the find

ings of Burk (8). In his ·work with various plants under green-

house conditions, ha found that the final pII of the soil vvas 

.Lnfluenced by the pH cl' the water epplied. 

Tabl:c, V gives the 'Pil.ting coefficiant.e of the soil after 

the vari cus se..lt 3olutions had bf:::en np-plie d for 2f3 days. 'I1he 

vlil ting coef'ficients of t.he soil where solutions of NaCl, 

than the 

vdlting coefficients cf the scil vA:.ere sclutions of.' lfgBO 4 and 

N'aECC3 had b~en &pplied. 'l'he plants wt1tered with the first 

four e:f' thei.:;e salt solutions ha<l lcr,'ler rates of transpiration 

t,han 'Che phmts watered with rainvm ter. It ;Nould seem, 'there

fore, that an accu.mulat,:lon of NaCl, l,IgGl2, CaC12 and Caso4 in 

the soil interfered with the absorptic,n ot 1.,1ater from the soil 

by plants and retarded their rates of transpiration. If there 



had been. a greater accumulation of Mgso4 and MaHC03 in the 

soil, the w:tlting coefficients of the soil where these solu

tions ·~vere applied may have been higb.cn~. 

The :rates cf tr:ins~iration, p-:::n.~ squar~ i.uch ct leaf a.rea, 

cf the plants in the three series are given in Tables I, VI 

and X. The plants with larl:;er total leaf areas tend to have 

101\'Br tr601spiretion r:ri.tes per square in.ch cf leaf area than the 

plants vd t.h :f'Jmaller total leaf n reas. These result,s agree with 

the results ob"i:~a.ined by· Deic:.erov11 and Sher~;,ood ( 9} in their trans

piration Btudies en t,.be strawbel'ry. 
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l,. Saline wat,ers 

per million and E\000 

plants retarded the trans~iraticn rates of those plants. 

an 

increasing acou:mul[1tion of th$- salts in the soil. 

3. The effects of t11e veric)us ions differed. 

5. -r1:~e fi.nal p.n of the sell ll.'iiaS influenced by t~he r,J.I of the 

s0lut:ions applied. 
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