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The effect upbn‘vegetation ofrthergaseouS‘wastes,
‘from.industriel enterprises, perticularly smelters,;haswreé
celved con51derable attention in thls century both from the
legal and from the 501ent1flc p01nts of view.

-It'was soon agreed that thls effect was ceused by
*the presence of gaseous sulphur dioxide in the stmosphere.
For a summary of 1nvest1gatlons upon thls subgect prior tok
r1915 the~reader is referred to the 528 pagee published by the
‘Selby Smelter Comm1851on (1), | |
o - Such s01ent1flc 1nvest1gat10ns have shown that the
yfconditions;under which injury to vegetation from sulphur
dioxide-takes place are determined primarily by the concen=
tretion of the gae, the duration of the,exposure;,and'the;
'humlalty of the air. Seeondary»factorS'ere the eharacteriStie
'susceptlblllty of the spe01es, the light condltlons, and‘
.‘other env1ronmental condltlone of atmosphere and 8011. On:
~these condltlons a large amount of data has been complled.
lt is not tae purpose of thJs paper to dlsprove any of these

flndlngs.,



However, it has been the purpose of these exper-
iments to determine the absorption of inorganic nutrients by
treated plants, and to see what conclusions might be made

regarding the metabolism of the plants from this point of

»

view.
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~ The plant environment is so complex,'wifh S0 many

variable factors enteringfthat”it would be impossible ﬁo«get;

 date on all combinations in a problem of this kind. The

‘method:followed has been the usual relative study employing
cohtrole. In all faotors excepting sulphur dioxide in the
atmosphere, the control plants were developlng in an environ-
ment 1dent1ca1 w1th that of the experimental plants. |
Dur1ng~treatmentsﬂw1th the'gas, alr was supplied
in continuous flow to the plants in specially constructed
alr-tlght oablnets by blowers ("Slrocco“ blowers, driven by
General Electrlc motors, l/20 H.P,, 110 Volts, 1.3 Amps.,,
1140 RyP.M.). The air flow delivered'by~eﬁCh blowere may be

'convenlently regulated by adgustlng a slldlng panel over the

k; ~aperature in a_galvanlzedflron~box,oonnected to the blower

ihtake~ To determine the volume of the air flow and to main-
tain equality. between cohtrol~and fumigated cabinets a calib-
rated anemometer (Short‘&;Masoﬁ; Ltd., Londomn, ﬁBiram?s5No.
l 3152*) was introduced into‘therair~8up§ly pipelﬁhrough,an
,‘air-tight:sliding panel. The linear velocity was then detef‘

mined for an interval of time measured by a stopwatch. This



5

lihear’velocity @ultiplied‘by bhe cross-éection of “the supply
pipe gave the volume of éir‘supplied,’.

‘ﬂ,*Thefair furnished to the experimental Cabinet was
paésed,throughra 9mixing,ohamber",.a iarge'galvaniZed iron
édx With;bafflefplates‘in~it, A tube 1eading tdmfhe air entry
end~of‘this~chgmberfcarried the sulphur‘diOXide‘gas/for
ihtiﬁate mixture'in~the‘cdncenﬁrations dééired.

;Thé sulphur dioxide for the treatments was obtained
in sma11~cﬁlinders~from the mahufaéturers, Ansul,Chemical’ |
Company , Marinette, Wisconsin,;thréﬁgh ﬁhe Central Scientific
Company ‘Thesé 6 1b. cylinders contain liquid”splphur,dibiide’
 of'extreme purity, no - trace Of,Suiphur trioxide beihg;ﬁbuﬂd;
Théy;aré equippéd‘With a‘needle valve for regulating the flow
/df gas from thé cylinders. e | |

To measure‘ﬁhe“flow df gas through a needle valve,
a meter Of‘thé type described by Benton'(z) may be‘uséd.,
,,Thisiartiéle discusses thé‘theoretical‘énd‘practical‘consid--
erations‘which”leéd\ﬁo the‘application df POiseuille‘s’fqrmula
"(for”themfiow of liquids) to the flow of gases through cap-
“illary £Ubing, and calculation of‘volume,from'the'pfessure “
difference. ~Invthis Way a U-manometer of the inclined gauge
thé With a sealed-in‘Capillary tube between theiarms‘has
‘been~ﬁéed; The mancmeﬁer Was fiiled,With liguid petrolatum.
For low concéntraﬁions ityhasifeen found moreﬁconvenieni to
ﬁSé Capillary tdbihg~léadingkfrom the cylinder butlet,intozz
.,reSérvdif?Qf petrolatum with t he outlet above the surface of

 the liquid. Counts of gas-bubble rates of flow up through



ﬁﬁhe peﬁrolatumecorrelated’With cOncentraﬁion determinétibns
gave a useful emplrlcal method of adJustlng the concentratlon
to the de81red amount

A constant preesure‘fxom the cyllnder was Halntalned
‘kﬁy température control.. A lined gas—meterlng box was con—,
‘etructed, It contained the cyllnder almost 1mmersed ina
'ﬁaterﬁbath; the capillary U-mandmeter;~and arﬁhermo-regulatOr,
V(Cenco De Khotlnsky) governing a 100 Watt lamp connected to
 supp1y heat when needed. |

To ensure: purlty of air supply and to guard‘agalnst
any poSsrble accident, the gas-meter box was kept in an ad-;
JOlnlng room and the outlet passed through thevvall to the
mlx1ng box.

o The‘freqUentrand adéérate_determinatioh of ‘the
eq1phUrddiOXide~COntent‘in fhe atmosphere during any treatment
isieseentiél. The most rellable methoa yet devised is the |
| Hsampllng system of Thomas and Abersold. (3). T In thls method

;the gas 1s ox1dlzed in: absorbers by dllute hydrogen Derox1de
Vkandsﬁulphurlc a01d soluulon, and. the changlng conduct1v1ty
is measured upon a Leeds and Northrup recordlng Wheatstone
brldge»r ihe spe01al abparatus for this method was not avall—
able for these experlments. But determrndtlons of low con=
,,centratlons of sulphur d10x1de u51ng the metnod desorlbed by
~Gr1ff1n and okrnner (4) are accurateg and the necessary )
'épparafu5~is easily assembled. This latter method was used
_throughout | ’ | |

" The apparatus con51sted of two absorbers, an.-ailr
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flowmeter of the U-manometer type, a suction pump, and small
pressure-equalizing tank. The air flowmeter was calibrated
by means of a wet meter which in turn had been checked against
a standard "prover”. The manometer readings were determined
for a wide'range on either side of the optimum flow, which is
about 1 gram-molecular volume of gas in 3 minutes. The

arrangement for calibrating the flow rate is illustrated in

the accompanying photograph.

The absorbers contain 100 e.¢c. of an iodine=
potassiwn iodide-starch solution about 0.00003 N in iodine.
Through one absorber containing this solution a2 metered volume
of ailr is drawn as a "blank" using a soda-lime tower. Through

the other absorber the same volume of air is drawn from the
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experimental cabinet. The solutions are then drained into
flasks and titrated to the same light-blue end-point with

& standard sodium thiosulphate solution, 0.0010 N to 0.0015 N.
The titration is made by the use of a small precise buret
Wwhich may be read to 0.02 cec. The difference between the
two btitrations represents the equivalent of the sulphur
dioxide absorbed. The concentration in parts per million may
be ecaleculated direetly, since 1 c.c. of 0.002 N sodium thioge=
sulphate solution is eguivalent teo 1 part per million of
sulphur dioxide in 1 gram-molecular volume of zir. The
arrangement of the apparatus for a determination is shown in

the accompanying photograph.




" As has been mentioned, the other atmosphefic‘COndit-
51@@ Qf,primary imPortanCe*inrsaS treatments;is the hﬁmiditya
This-isVa veryvdifficultvfaotor'to contfol; In all treatments
& record of the relatlve humldlty has been kept.e
’ | | Temperature of the atmosphere has-alsoebeen're—k
‘;cofded. | |

The light factor was variable during two experiments.
The plants 1n‘these experiments were grown in the greenhouse@
under the solar 1llum1natlon received by this part of the
Pacific coast in the late fall Lhere is a wide varlatlon of
yligh?efrem day te dayﬁ clear brlght sunllght diffuse light
;ontfeggyidays, or vefy llttle,llght in cloudy weather. The
‘other experiments Werevcarriedeout under "artifiCiai" illum-‘
ination i epecially;constfudted cabinets. Excepting for
tthe‘gradual»deereasekin intensity of the radiation from the
Eulbs,,the iight factor was similar for each 24-hour period{

Tne constructlon of the oablnets in which the 11ght‘
,factor was COanOllEd followed the general plan of Dav1s and
Hoagland (5); One of the modlflcat;ons adopted by;Swaln and
Johnson (6) was introduced, however: théaiightguWerevplébe@
‘direqtly?eVGr the plents. Fach cabinet f ollowed the same |
‘fpattefn;~”a counterpOisedf1ift'piece:(6 ft. long x 2 ft. wide
ﬁ B'ft. Hith; reSféd uPOn a,ﬂixed base'(stft.vlong x 2 ft.
wide x 2 ft. high Joo The”i'entire construet‘i’on was air-tight.
The top, . sides, and ends of each 1lift plece were of falrly
theavy hlgh-grade glass. leghts were seated in 52 cm. reflec~-

tors andvflxed 1n1p051t10n 2 feet above the‘cabinet top.
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The lights were controlled by a timeswitch. Air eirculation
was provided for through an intake in the base and outlets
at the cabinet top. Some of the details are illustrated

in the accompanying photographs.
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The plantsxwere grown 1n Water culture solutlon.'
The nutrient solutlon used was the'"Rubldoux" solutlon des-
cribed by batgn (7). The constltuente‘of this solution and

‘their concentration are as follows:.

R .. ' - Millimoles Grams per

~Constituent - per liter. . 100 liters.
Calcium nitrate, Ca(NOz)s. 4H20 4 94
‘Potass1um nltrate, KNO3 o 3 30
Ammonlum sulphate,'(NH4)ESO4 ’ 2 27
Maguesium sulphete,,MgSQ5.7H20 : 2 49
fPOﬁassluﬁfécid‘phosphete,'KHgPO4 0.2 . 3 |
‘Boric‘acid, H3303 A ; ,‘; ‘-f-- 0.6
’Manganese chloride, mn012.4H20 N ey 0.1

Zine sulphate, ZnSO4 7HZO ST C0.04

lron was made-avallable to the plants by addltlon of the tert-
rate (freshly prepared 0.5 peroent solutlon) 1n small«amounts,
,at frequent 1ntervals as- reoulred.’ The concentrafienrwas
malntalned by replacemenb of nutrlents as these were absorbed,
and by changlng ‘the whole solutlon. The hydrogen 1on,concen-‘
‘tratlon v@rled from- pﬂ 6 0 to 6.5, N | |

This soluulon has been used in preference to the
oldeIVWidely-used hoaglaud s solution because it seems tq~
posseééuthelédvantageS-described b& the author. The supply
of some of the nltrogen as ammonium-tends to malntaln a better
~don balance, the low level of phospﬂate makes it ea51er to
‘malntaln avallable iron.

The solutlon contalners were. Wlde-mouth glass Jars of


http://ZnSO4.7H.2O

»
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1.75 liter Volume (2Qquaft‘Mason)' The tops were closed by
corks w1th 5 holes for plents and an openlng for addltlons of
ewatergj blve cereal- seedllngs were grown 1n/each Jar, and
enough Jars were used to makeea total of 110 plants for both
control and treated,in eaohrexperiment}' B
| | The plant stock used in these experiments was barley.

Barley has been Wldely used in experlmental WOIk of - this kind
flbecause 1t grows with vigor in balanced nutrlent solutions
of pH 5 5= T4 O. ‘Thefvarleuy grown for experlmenu wa;s. Duck-
blllﬂ the purest line=seed obtainable from the Department of
ngronomy, Unlver81uy of Brltlsh Columbla. The importance;of |
homogeneous stock in experlmental work has been rightly
fstressed by Trrany 1nvest1gators.ﬁ

The iseed was soaked for 24 hours in culture solution
_at 20 5 C. It was. then placed on mesh screen over culture
: solutlon to germlnate in & medlum light intensity. . When the
: seedl;ngS‘were‘Q cm. in 1ength,'a unifdrm Selectionwwas
tranSplanfedlto the cultﬁre jars.

The 1mportance of guardlng against plant dlseases
such as rusts and smuts has. been recognlzed and the plants
e free from infection.  lieasures were taken to prevent

'flnfestatlon by plant parasites such as aphids.
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The conditions under which treatments took place,
‘and the environmental factors are recorded in the following

‘pages,

Experiment 1.

'Sulphur Dioxide Records:=-

First,Treatment: 27 déys after dry seed was soaked.
o | -’Healthy plants Wlth S=4 leaves.
’buratidn: 6 hours gas h}story.
| Treatﬁeﬁtg oﬁ 2 successivefdayé.
3ach treatment of 5,hoursrdﬁration.’
Time of day morning.
 Canentration§: Average = 0.40 D. p.m. 
T  Max1mum - O»50'p»p.m.
| Minimum - 0.30 ...
,HuMidiﬁy:~ ‘ Very hlgh 90-100% relative humldlty.
»—,‘Témperaturé: . 65~ 750

© Visible Injury: 30% of the total leaf area.

Environment Records:-

Light: _ Sunlight in late fall.
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Lightd ' Piahteywere grown‘infafgreenhouse.k
fTemferature: AVefage,--v-
Maximum - 1052 F.
| - Minimum - 55° F.
' Humidity:  Average ---- (high)
| Maximum - 100% relative humidiﬁyg
Minimum - 707‘re1atiﬁe humidity;
The experlment was dlscontlnued 56 days after the”

dry seed-wag soaked“

. Experimenﬁ 2%

Sulphur Dioxide Recerds:-
: - ’Firet~Treatment:'27 days efter'dry seed was soaked.
| HHeéi%hyvplahtsewithr354eleaves.
Durations: 12 hours'gas history.
S 3 treatments at 10- duy 1ntervale.
| 'Tlme of day. morning |
~ Concentration: Average - 0.30 DeDelne
o | Maximume— 0.33ep;p,m.’
Minimum = 0.27 p. p.m. : ’
Humidity: - Very high, 90- 100% relatlve humldlty.
,Temperature. 65= 80 F.

“ V1s1b1e InJury. 5% of the total leaf area.

EnVironment;Reéords:; | R
Lighti i' : ‘Sﬁniight in iate'fall.

Plante were grown in a greenhouse.

| Tempersture: yc"Average --m :

. Maximum - 105° F.
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‘Temperature; Minimum - 550‘F§
“Humidity: Average -=---
A Maximum - 100% reiative‘humidity.
Mlnlmum.- 70% relative humidity.
The experlment was dlscontlnued 56 days after the

dry seed was soaked.

Experiment 3.

Sulphur,Dioxide Records:-
Fiist Treatment; 15 days after dry seed was soaked.
| Healthy plants with 3- 4 leaves.
: Duration: 480 hoprs gas hlstory.
e | Coﬁ%}nuous treatment;
| 24 hours each day.
\Gonceﬁtration; Average - 0. .27 p. Dl
A  Lax1mum - 0.41 p}p.m.
’Einimum - 0.18 p.p.m.
Humidity: E 5 Fairiy‘loﬁ. Ueually a makimum of
| 66;62%frelative humidity before the
:illumination; then a decrease~to
) minimum,of about;40% at the~end(6f
ﬁhe illumination period.
Teﬁperature:, Fairly high. Usually a minimumeOf
abeut 67-68° W before illumination,:
then en‘increase to a maximum ef
~ about 9o 94° F at the end of ‘the

1llum1nat10n perlod.



Visible Injury:

Envirorment Reécordgi-
o : ¥

 Light:

- Temperature:

Humidity:

17.

None. Leaf'colour of the exper-
dmental plantsfwas & lighter green

than.that of the'control‘p1ants.

Plants were grown in cabinets.

Illumination from four 1000-Watt gas
filled bulbs seated in 52 cm. reflece
tors at avdistance}of 7 feet.

16 “hours illumination each day.

,Average --84° p,
kMax1mum - 98° F.

Minimum - 66° F.

Average - 49% relative humidity.

Maximum - 66% relative humidity.

inimum - 37% relative humidity.

ane experlment was . dlscontlnued 35 days after the

dry seed was soaked.

- Sulphur Dioxide Records:«

EXperimentj4.

First Treatment: 15 days after dry seed was soaked.

Duration:

 Hea1thy plants with 3-4 leaves.'

51 hours gas hlstory.,

‘Lreatments on 17 conseCutive days .
Each treatment of 3 hours duration.

‘Treatment began 1 hour after the

illumination had commenced.
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w‘@oncentration;  \Averagef- 0.36 p.p.m.w
| | Méximum’—‘0.58 pap;m.
o klnlmum = 025 pepoms
Humidiﬁyi : ,>Med1um - 55»70?‘relat1ve humldlty.
Temperature: = 75-85° T.

'ViSible Injury: None.

EnVifonﬁeht,RecordSﬁ—
Light: | E Plants were groWn in cabinets.
o Illumlnatlon from three lOOO-Vatt
gas filled bulbs seated in 52 ¢m.
'reflecuors at a dlstance of 7 feet .
16 hours 1llum1natlon each day.

Temperaturé: Average

78° F.
Maxlmum~7‘9OO,E,
Kinimum - 70% F.

Humidit&: 'Average ;}59%‘felativé humiditys

- Maximum - 7% relative humidity,

Minimum - 47% relative humidity.
The experiment was discontinued 32 days after the

dary séed was soaked.
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The results of the experiments have been recorded as
yield date and as analyses. These records are grouped in
tables in the following pages.

' The plents in experiment 4 had the least final green
and dry weights. It seemed of interest to show the size of
these plants. The accompanying picture was taken 12 days after
fumigation commenced, or 5 days before the experiment was dis-

continued.




Table No. 1.

Yield Data.

Tillers:

Green

20,

. Moisture Dry
per Weights (as %) Weights
Plant. (Grams ‘ (Grams
’ pexr. 100 per 100
Plants) Plants)
- Control 1.61 -
Leaves 230 91.1 20.5
Stems 119 92.0 9,5
Roots ~ 71 935.4. 4.7
: Total 420 - 91.8 RIS Y S
Treated 1.51 ;
 Leaves 168 89.2 18.1
-Stems. 94 93.0 6.6
' Total 327” 91.2 28.7
: Experimgnt 2
Control 1.26
TLeaves 205 90.8 18,8
Stems 100 93,0 7.0
. <Rootsg 66 : 93.4 4.4
Total 371 o 91.9 30.2
Treated.: 1.16
. Leaves 179 90.0 17.7
~Stens 94 93+1 6.5
Roots : 63 - 98.4 4.1 -
Total - 334 91.5  28.3



: Table No._ l (contlnued)

Yleld Data.

21.

Total

~Tillers -Green Moisture Dry
per . Weights las %) - Weights
- Plant. (Grams (Grams
‘ ~per 100 per 100
Plants) Plants)
Experiment Do
;Contrpl 3+:02
Teaves 109 81.9 19.7
Stems 102 89.3 11.0
"Roots 119 93 .5 7.7
Total 330 - . 88.4 . 38.4
Treated 2,93
" Leaves 102 82.3 18.1
~ Stems 99 89.0 10.9
Roots 109 93.7 6.8
 Total £ 310 © 88.5 35.8
ExDeriment:4;
Control 2,09
“Teaves 775 84.7 11.87
Stems - 59.7 90.6 5.63
“Roots - 65.4 92.1 5.16
Total : 202.4 88.8 22.66
 Treated 2.14 9
Leaves 7.0 84.8 11.73
Stems 61.1 90.7 5.77
’ ROOtS 65 0‘6 s L 92.1 5'23 :
- 203.7 88.9

2263
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The transpiration by the plants has been measured as water adaed
to keep the contalners at level. The evaporation from blank contalners
has been determlned In thls way a net transpiration value for- the plants
,fhas'been.deriVed, U31ng these values 2} tran8p1ration coeffic1ent has

been calculated as: follows, after that of Briggs and Shantz (8) =

Transpiration Coefficiehi: : : Volume of water transpired,
LT , : Welght of dry materisl formed.
: The results of this calculatlon are in the next table¢

Table No, 2

© Experiment ~ Plemts  Transpirstlon Coefficient

‘ 1' .. Comtrol ' 13y‘ : o35
‘ - Treated - VS , 152

2 Comtrol - ek
& : . Cbntrol hE - oo

: Treated ' ‘ L 548

4 Control ' . gs3

Treated - . el8

To determine the absorption effﬁutrients frem the'cﬁlture |
solution, analyseseWere made of the dfy plant‘materiel.‘ These analjses
' hQVe‘been.dene‘aCCOrding to the recognizedfquantitetive methods adVocated
by the Association of Official Agricultural Chemlsts in the publicatlon
(9) ”Off101al and Tentatlve Methods. sese™ 's 4th eaition, 1956o The

: results~of these analyses are recorded in the‘fbllowing‘table,
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Table No. 5

- Plants Analysed. " As percent of dry planyt’materi‘alf

‘ID
R (7]
R =X

e
o

Ce M0 K
Experiment 1 |
Comtrel 18,14 1.19 0.79 7.78 1.98 0.85 6.15

Treated  17.56 1.7 071 7.54 1.71 0.76 5,72

 Experiment 2. .
Control ~  17.66 1.46 0.82 7.46 1,92 0.75 6.48

Treated  17.47 1.46 0.85 7.59 1.84 0.74 851

‘Experimentlg. Ca »
Control 18.11 1.42 0.64 7.38 2,06 1.02 6.6l

Treated 18,16 1.27 0.55 6.73  2.84 0,95 5,87

Experiment 4. , i »
Comtrol 18,56 1.24 0.60 7.61 1.94 1.51 6,34

| Trested  17.75 1,18 0.58 7.25 1.98 1.27 6.30

E (total)
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| The relation of the extent of v1s1b1e injury to the
feotors 1nvolved has been the subgect of exhaustlve researoh
,by many 1nvest1gators. “hls work has been done chlefly under
fleld condltlons. The results are obtalned by observ1ng the
‘fextent and charaCter of the injury, by measurements of yield,
uand by correlatlng these with the experlmental condltlons.
'The results are compared w1th controls as standards. Informé l
atlon of thls nature is exten31ve, and has an all 1m§ortant
bearlng upon the subgect of sulphur d10x1de effects. |
‘ Growth of plants in culture solutlons in a con-

1;trolled env1ronnent and treated with- loW'concentratlons of

'isulphur ledee has been'studled by Swaln and Johnson ’6)

:Thls research shows - careful study throughout and the authors
'reached the follow1ng conolu51on. o ,

| | "The results of thls study 1ndlcate that wheat

‘ blants grown in nutrlent solutlons under optlmum condltlons of
‘artlfIClal llght and humldlty Whlch were favorable to rapld '
;and unlform growth and whloh at the same: tlme could be |
.teccurately oontrolled and recorded, will tolerate an exposure

,to sulphur dlox1de of several hours dally 1n concentratlons
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below those at whlch typlcal follar‘marklngs are produced w1th—
'_out show1ng any 51gns of injurious actions in thelr general
‘appearance, in thelr rate of growth or,in,the dry weight of
~tlssue whlch they develop.“ ' k |
. , Studles have been made of the effects of sulphur
dlox1de exposure upon stomatal movement 1n plants to determine
‘pos51ble correlﬂtlons. These morphologlcal 1nvest1gatmons
‘are based upon the reasonsble assumptlon that any 1n3ury to the -
plant organlsm takes place through the leaf stomata. |
| The effect of expos ure to sulphur dlox1de upon the ;/
chemlcal compos1t10n of. the grow1ng plant has been studled ever
s1nce follar accumulatlon of sulphur compounds was flrst o=
| served. Correlatlons of sulphur content Wlth the exposure
‘have been made. Data relatlng Lo the effect upon CQrbohydrate
metebollsm and proteln content has been complled.
| | The erter has been pr1v1leged in observ1ng an‘ex-~
tremely 1nterest1ng study of the effect of sulphur d10x1de
ltreatments on the carbon dlox1de~oxygen metabollsm of plants,
'carrled out by Dr. M Katz and aSSOClateSo (lO) ;
S ln thls researcn the problem haS been aoproached from
'the p01nt of view of 1norgan1c nutrlent absorptlon through the
roots. The assumptlon has been made that the chemlcal con~
’stltutlon, a8 shown by analy51s, is & measure of the nutrlent
‘u‘absorptlon. From the results of experlments w1tn wheat plants
(11), the erter reached the conclus1on that the problem could
only be cous1dexed when plents Werenot severely 1n3ured. ’The>
‘ﬂreasons for thls are - that Lhe chemlcal compos1tlon of plants

E may vary w1dely accordlng to the stage of growth and,’31nce the



26.

study is a reldtive‘One, it would be unwiseitd increase the probability
or eiroru‘ | | | | ‘

- The expérimental oondltions and results have béen recorded in
several tables above° The~yleld data, transplration cOefficients and
analyses have been,grouped in the following fablé. An accompanying
table of relative velues with therédntrol as 100 hes been made;L The
writer is unprepared to defend this latter on either logical or
mathematical grougds. These tsbles may be conveniently referred to in
this:diSCdssion, | ‘

Vlsible “injury is not dependent upon the concentratlon of the

‘gas alone, a8 has been shown by the classical experiments in this flelde

- This finding is reaffirmed,by these experiments° Humlﬂitywlsfa~factor

of primary importance. At 90 - lOOp humidlty, visible injury was
‘produced by sulphur dloxide at concentrations of 0.40 Pe p.m. and 0.20

p Pelo} whlle at 87 - 66% relatlve hummﬂity, no ingury was produced by
, O 27 p. p.m., and at 55 ~ 70% humlaity, no injury was produced by O 6 Do p.m.’
The duratlon factor is also shown- 6 hours on 2 succe531ve days at a'

"'concentratlon of 0. 40 p Pellle. produced visible 1n3ury on 30% of the total

5 leaf area of plants in the 3-4 leaf stage, but 12 hours on 3 days at

10—day intervals with a concentratlon of’O.zo PfP'mf preduced visible
~iniury on only 5% of the total leaf area. Where no visible injury was
1Pf0duced, the effects of duration are seen in comparing the dry weight

yields.



,Table Yo, 4

Exper. 3

27,

kEXper. 4

100

100 100.5

Exper. 1 Exper. &
S CF T Cs To c. . €. T,

Absolute Values.

Tillers l.61 1.51 1l.26 1.16 3.02 2.93 2.09  2.14
Green weight 420 327 371 334 830 310 202.4 203.7
% Moisture 91.8 91.2 91.7  91.5 88.4  88.5 88.8  88.9
Dry weight . 34.7 28,7 30,2 28.% 38.4 35,8 22,7 ~22.6
Transpiration 235 152 194 . 180 892 = 548 653 618
% Ash 18.14 17.88 17,66 17.47 18,11 18.16 18.56 17.73.
% Calcium 1.19 1,17 l.46 1.46 1.42  1.27 1.24 1.18
‘% Magnesium 0,79 Q.71 0.82 0.8% 0.64 0,55 0,60 0.58
% Potassium 7.78  7.54 7.46 7,39 7.38 6,73 7.681  7.253
% Sulphur 1,98 1.71 1.92° 1.84 2.06 2,84 1.94 1,98
% Phosphorus 0:.85  0.76  0.75 0.74 1.02° 0,95 = 1,31 1.27
% NMitrogen - . 6,13 5.72 6,48 6,51 6.81  5.87 6.54 6.30
Relative Values, .

- (Control as 100) ,
Tillers . 1000 93.7 100  92.1 100 97.0 100  102.4
Green weight 100  77.9 100 90.0 100 93,9 100  100.8
% Moisture 100 99.3 100 99.8 100 100.1 100  100.1

~Dry weight 100 = 82.7 100 . 93.7 100 93.2 100 99.9
. Transpiration 100  85.0 100 93,0 100 © 80.0 - 100 95.0
% Ash 100 95.7 100 98,9 - 100  100.3 100 95.5
% Calciup 100 98,3 100 100.0 100 89.3 100 95.1
% Magnesium 100 89.9 100 10L.2 = 100 82.8 100 96,6
% Potassium 100 96,8 100 - 97.8 100 91.2 100 95.0
% Sulphur 100  86.4 100 95.8 100-  137.4 100  102.1
% Phosphorus - 100 89.4 100 98.7 100  93.1 100 = 96,9
% Nitrogen 93.5 - 100 . 88.8 100 99.4

\C# 47£hé'cbntrol plants.'

; T#y+'tﬁeftreated plants.



Tlllerlng by treated plants did not dlffer greatLy from the
tillering by the controls. The ratio of treated to control varied from
92,1 s lOO~to‘102.4‘: 100. \ | k

Dry weighte‘ef the treated plants were decreased in rough~

proportion to the;degfee of treatment within the‘experimentel classes (a)
producirig visible injury, and (b) pfoﬁucing no irisible injury. Plants
with visible 1n3ury to 50% of the leaf area produced a dry Weiaht 82.7% as
~heavy as that, of the controls, while plants w1th ingury to 5% of the leaf
area produced dry weight 95 7% ‘as heavy as the controls. ;Plants w1th_no
: v151ble~in3ury:but exposed to 480 hours~hf‘treatment with sulphﬁr~dioxide
| ~ata concentratlon of 0. ?7 PeDells produced a dry weight 93, 2% as heavy as
 that of the controls, while plants exposed to 51 hours of gas at a con-
centratlon of 0.%6 p.p.m. produced 99 9% as much as the control dry welght.f

‘ Transplratlon dlfferences were very hoticeable between the
“¥‘cdntrol anﬁ‘treated plants in each exPeriment. In order of experiment
: number, the ratios of eontrol tran301rat10n coefficient to those of the
'treated are: lOO 85, lOO°95, 'lOO°80 ; lOO~95° The dlfference in
‘transpiratlon coeffic1ents of 1n;ured plants is greater than the true
transpiratlon difference, due to the reduction~of transpiration surface
ythrough ‘injury. Nevertheless, 23 dlmlnishment of the per unit surface
transpiration dld take place. Thls might be explained partly upon the
;~ basis of partial closure of the stomata through some effect of the sulphur
d;ox:.de° Such an effect might be due to a change in acidity; held by
"Scerthm(lz)fte be“of’great’importance in stomatal movement. Or the
'ldiminiShmeﬁt of‘tranepiratien might be eXplained‘by'postulating a dimlnished
feepirétion!rate; According tO'eﬁidehce adveneed by workers in thisyfield,

transpiration is a process reqﬁiringfavlarge expenditure pffenergy by~the



22

’plant,-and consequent1y the rate’of reSpiretion may become a limiting
factor."These exPlenations would fuily accouﬁt for the measured decreases
in transpiration recorded, | | |

; v Calcium, magnesivm, and pota581um content per unit drj welght

,were dimlnlshed in all the treated plants excepting those in experiment 2,"
where the treatment was of 12 hours duration only. ‘This.is regarded as

tlndlcatlng a dlminlshed absorptlon rate of these elements,; The magne51um
content in the plants grown in the greenhouse was about 0.8%, whlle in

the plants grown in cabinets it was about 0.6%. Thls difference might
be correlated w1th the 1ight conditlons and the leaf fractions of the

totel ‘green welghtse

| Nitrogen (total) content was diminished appreclably in the

treatment where v131b1e injury to 50% 01 the leaf area was: produced (N

‘ﬁratlo Was- 100 93, 5) and in the treatment of 480 hours duration in which no
vlslble 1n3ury was produced,(N'ratlo; Was,100:88 8) In the other two
experiments there were no appreciable differences between control and :

’treated plants., “The nltregen content was qu1te hlvh in all plantso |

: tPhosPhorus was also fairly high. The ratios of P:N in experiments number

'l~and~5~are differentg This might be regafded as an effect upon the

phdSphbproteins~in*thé'grOWing partseof the plant; that is, the amount of

' ’phOébhorus,was less in the plents ﬁhich sh0wedfe;diminished grewth during

’thetlater'stages;“ \

’ SUléhur'COQtent:ShOWed greet varietion'in~thettreated plants,
~Arrangedeinforder of,experiment'numbers;ythe~ratios‘ef“control to treated
are '100’986 4‘,; 1100:95.8, 100:157.4, :100-‘102 1. Consideration of the
treatments ‘and the- results of anaLySes suggests that the sulphate‘l

"absorption.by “treated plants from the nutrient Solutlon,ls lowered, but
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that treatment of sufflclent duretlon will increase the total sulphur,
In experlment 5 the plants were treeted for 480 hours; the,eulphur content
| was 1ncreased 57.4% for the whole plant. B
Ash analyses 1nclude silicon traces which cannot be excluded
’1n culture work of this kind., The ash for all experiments, excepting
,; number 3, was lower in the treated olents than in the control plents.‘;,
Ratios of control to treated plants are 100:95, 7 - 100: 98 9, 100: lOO 3
: 100'95 5. This agrees, in general, with the results found in separate
‘ analytical procedures° The sllghtly hlnher esh found in the treated
plants of experiment number 3 is evidently the result of ‘the hlgh sulfur
content of the treated plants. | : |
t Absarptlon is regarded as a phy31ological functlon independent
of transpiratlon. At the present time both functions can only be eXx—
plained by postulating expenditure of energy by the plant to malntaln them.
Other researches seem ‘to establish this fact.v In these eXperiments‘
& lowered transplratlon was recorded and a lowered abscrptlon of 1noroadlc :
nutrlents per gram dry welght was measured (essumlng analyses to 1ndicate
’!the absorption) in treated plants as compared to control plants, This
- cen be explalned on the hypothe51s that sulphur dloxide lowers the
resplratlon rate of the plant without affeotlng the rate of photosyntnes1s
in the same degree. No direct experimentel ev1dence is advanced to

substantlate this explanatlon.'

SUMMARY:,
: Four'eXperimen£Suupon‘berley plants have been.conducted under
nfdeserlbed ehvironmehtal‘oonditiohs;: These experiments con31sted of

‘treatments with sulphur diox1de ina renge of low concentratlons with
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averegesefrOm 0.27 p. p;m. to 0.40 u p.m. The duration of exposure in
. the treatments varied from 6 to 480 hours, and the range of humidity
between experiments was from 40% relative humidity to 100p,

V151ble injury was only produced when the relative humiﬁity
" was extremely hlwh and the extent was influenced by the duration of ex-
' posure~as well as the concentratlon of the gas. No visible 1ngury was
produced in medium and falrly low humldlties by lengthy treatments of
sulphur dioxide at the same concentratlons°

Tillerlng by the plants was not appreciably altered by treatmentse
: The yield as measured by dry weights, was reduced in three experiments. |
The reduction in yleld could be con51dered as roughly proportional to the
“severity of" the treatment (a) produ01ng v151b1e injury to the plants and
‘(b) produ01ng no v1s1ble injury to the plants.

" Transplration by the plants was measureds  In each eXperiment
transpiretien by the treeted'plants was‘decreased, ,TrehSPiration
COeffieients~have'been calculated. 3 - 7

The dry material was analyzed by recognlzed quantitative methods
. for the follow1ng elements calcium,‘magnesium, potassium (including4~

sodlum trace), sulfur, phosphorus, and nitrggen’(total)j and an ash

fdeterminatien‘was madeé. The resultsvshowed a‘decreaSe in the‘conceutretiOn.
of these~elemeuts,per unit dr& weightkin‘the mofe severe trestmeutso' |
kSulfur was hlgher in the experiments of 1ong duratlono_ Con31deratlon of
“the results lead to the conclusion that absorptlon of 1norganic nutrients
:from solutlon is decreased by treatment w1th sulphur diox1deo
| Tran5p1rat10n and absorptlon are now regarded as plant functions

‘frequiring~an energy expendlture by the plant° The decrease in transpiratione

/ and absorptlon of inorganic nutrients may be explained if the sulphur

“dioxide is assumed to decrease the respiration rate of the plant without



the same relative decrease in the rate of photosynthesis.
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For constant direction and ald in this study, and for generoms
: provision of laboratory fa0111t1es, the wrlter wishes to express his -
‘31ncere apprec1ation to Dr. A.H. Hutchlnson of the Univer31ty.
| To Dr, Morris Katz of the Natlonal Research Council thanks
"are also due for suggestlng this study, and for helplnv in several
‘problems involved ‘ﬁ |
‘The SUggesﬁiOﬂs~made by Dr. F. Dickson and Dr. H. Harris have
ibeén of great vélue in treating tﬁe~déta. : '
| This study would mot have been possible without the aid of
'grants for eqﬁipmeot;from the National Research Council, Ottawa, and

~from the University of British Columbia.
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