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ABSTRACT

Soybean and corn plants sprayed with a simulated acid-rain of 

pH values 5.0, 4.0, 3.5 and 3.0 exhibited a trend towards taller and 

heavier growth than did water-sprayed plants. More foliar applied 

cadmium was taken up in the acid-treated plants than in the water 

controls, and Cd-induced leaf injury was magnified by the acid

treatments.



3

INTRODUCTION

Within the last 20 years increased amounts of strong inorganic 

acids have appeared in the precipitation over much of the northeastern 

United States and northern Europe causing the pH of the rainfall to 

drop from near neutrality to 4.0 and lower (16). This trend can be 

linked to mounting levels of gaseous pollutants such as sulfur dioxide 

and nitrogen oxides which are converted chemically in the atmosphere 

Into sulfuric and nitric acid. The adoption of pollution-control tech

nology has led to higher smokestacks and particle precipitators which 

prevent the emission of larger, basic particles that tend to neutralize 

the acid in the atmosphere. With the modem trend of increasing fuel 

consumption, the local soot problems have been transformed into acid- 

rain problems. Hence water from rain and snow in many areas is no 

longer characterized by the weak and highly buffered carbonic acid, but 

dominated by the stronger and unbuffered sulfuric and nitric acids, at 

a greatly reduced pH. The total ecological effect of this change in 

the hydrogen ion concentration is unknown. Preliminary investigations 

are few, but Jonsson and Sundberg (cited in 27) have estimated a rela

tive reduction of 0.3 - 0.6 per cent per year over the last two decades 

in forest productivity in an area of acid stress.

While an increase in acidity in rain might become a problem in 

plant productivity in many areas, pollutants such as the heavy metals 

are of concern in many more. Lead, mercury, cadmium, arsenic and 

nickel are some of the more prevalent metals that are posing new’ worries 

Lead and mercury have been widely studied over the last decade with 

startling discoveries as to their effects on biological systems.

Cadmium (Cd) has come under research more recently.
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Cadmium in the environment is the result of leakage from smelting 

industries, coal-fired generators, attrition of automobile tires and 

from diesel and heating oils. The Cd concentration in automobile tires

has been reported to be between 40 and 90 ppm and in diesel and heating

oils from 0.07 to 0.54 ppm (10). Sewage sludge and impurities in agri

cultural chemicals also have been shown to contain Cd. Inhumed coal

contains from 0.52 to <30 ppm Cd, fly ash contains 2 to 100 ppm and coal 

gasification releases 0.32 ppm (1,11). Heavy metals like Cd can remain 

airbom for long periods of time and are eventually deposited on plant 

surfaces and on the soil (5). Depositions are proportional to the

distance from the source of the emission (10).

An increasing number of health hazards have been linked to Cd 

accumulation. Emphysema, hypertension, chronic bronchitis, "ouch-ouch" 

disease, cardio-vascular death rates and malignant tumors in rats are 

now recognized as being Cd-induced (cited in 7,8).

Heavy metals have also been linked to plant toxicity and ultra

structure changes. Chloroplast fine structure is altered by lead. Leaf 

cells exposed to this metal have fewer grana and a highly congested 

fretwork (21). Lead ions, Cd++ and Zn"*-^ bind strongly to certain mito

chondrial ligands. This binding diverts energy from the electron trans

port chain to the active accumulation of the metals (4). It also inter

feres with ATP synthesis and proper maintenance of ion concentration 

gradients across memiirane barriers (4). Heavy metal ions also form 

complexes with mitochondrial enzymes of the cytochrome system and of the 

oxidation process of succinate, of exogenous KADH and of malate + 

pyruvate (4). Direct hydrolysis of ATP by these metals has also been 

reported (24).
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Several factors have been shown to affect Cd uptake in plants.

Soil acidity is associated with higher plant levels of Cd (10). How

ever, an increase in organic matter provides a greater absorption of Cd 

by the soil, hence less uptake by the plants (10). In soybean the trans

location of Cd via foliar or root uptake has been shown to be greatest 

in the stems, followed by the leaves, pods, then beans (9).

Bonner (1934) reported that hydrogen ions can partially mimic the 

effect of the plant hormone indoleacetic acid (IAA) on plant cell elon

gation (cited in 23). Other investigators have proposed that the ulti

mate mechanism of cell wall loosening in response to IAA is an acid- 

mediated bond cleavage, while other plant hormones, such as the gib- 

berellins, have been reported to have effects directly on the cell 

membrane (21, 26). The present study has been initiated to investigate 

whether acid-rain has an effect on growth and on cell wall and membrane 

properties of plants, using Cd uptake as an indicator of these changes.

MATERIALS AND METHODS

Planting and Growth Conditions. Twenty 4.5-inch sterilized clay 

pots each containing five seeds (Variety Amsoy 71) were utilized in each 

of the soybean experiments designated SB-I, SB-II and SB-III. Twenty 

pots containing five corn seeds (Wisconsin hybrid 64A X 22R) were also 

prepared. Seeds of experiments SB-I and the com experiment, desig

nated C-I, were planted 1 inch deep and seeds of experiments SB-II and 

SB-III were planted 0.5 inch deep. Pre-moistened, sterilized soil of 

the composition loam:sand:peat (6:1:3) was used.

The pots were then placed in two grow’th beds in a white growth 

room of dimensions 10 x 11 x 8 ft. Over each of the growth beds, 3x7
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ft each, were 25 8-ft flourescent tubes (GEF9618CW "cool white") plus 

10 incandescent bulbs (Sylvania "Direct-lite" 60 watt). The lights 

were situated 3 ft above the beds. The average light intensity over 

the beds was 994 ft-candles (Weston Model 756 Illumination Meter). 

Emerged plants received 12 hr light per day. Plants were rotated in

the beds to insure even amounts of direct and reflected light. The 

pebble-filled growth beds were automatically subirrigated once daily 

to a level approximately 2/3 the depth of the soil in the pots. The 

temperature was thermostatically controlled, and averaged 77° to 78°F 

at night and 2° to 3° higher during the day (lights on). The humidity 

was controlled at 45% + 2%. Records for both temperature were kept on

a Bristol Thermo-Humidograph recorder (Model 406TH).

Acid-Rain Spray Procedure. A stock acid solution of calculated 

pH 0.00 was prepared for use in all of the experiments by using 27.6 ml 

of 90 per cent concentrated in 1 1 of distilled water. Diluted

acid solutions of calculated pH 3.0, 3.5, 4.0 and 5.0 were prepared

from the stock solution.

Acid-spray treatment began on the seventh (C-I) or eighth (SB-I, 

II, III) day after planting. The soil surface of each pot was covered 

with fitted plastic sheets to prevent acid-drip from the spray. Four 

pots of five plants each were used for each of the five treatments (a 

water control plus the four acid treatments).

Following subirrigation, four pots of plants of one treatment 

group were moved to a plastic-lined hood away from the growth room for 

acid spraying. Forty ml of the solution were sprayed on the four rep

licate pots during a 10-min period by means of a household-type sprayer. 

Each pot was rinsed for 30 sec in distilled water to remove acid residue
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then returned to the growth beds. The plants were sprayed once daily 

five times per week.

The actual pH of each solution was measured on a Beckman Research

pH Meter. These values are given in Table 2. Twenty-five ml of the

pH 3.0 solution were pipetted into a 30 ml beaker then titrated with a

0.01 NaOH solution. Titration curves were made to determine buffering

characteristics of the water (Fig. 1). Table 1 is a tabulation of the 
-p

acidity of the pH 3.0 solutions. Table 3 lists the moles of H per pot.

Table 1. Average pH 3 solution acidity levels (moles/1) - titratable 

acidity versus measurable acidity.

SB-I SB--II SB-III C-I

Average (H ) 
by titration

9.1069 x 10~4 5.5681 X 10-4 5.5074 x 10~4 7.5802 x IO"4

Average (H+) 
measured*

9.2205 x 10-4 9.9908 X 10" 4 1.0024 x 10-3 9.7431 x 10-4

Average (H+)
difference
(t-m)*

-1.136 x 10’5 -4.4227 X IO-4 -4.5163 x io-4 -2.1629 x 10"4

Average pH** 
by titration

3.046 3.246 3.259 3.108

Average pH** 
measured

3.039 3.004 2.999 3.011

Average pH 0.007 0.242 0.260 0.097
difference
(t-m)

*Titration minus measured.
+

**Converted from (H ) averages.

tConverted from the measured pH.
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Table 2. Average* pH of acid spray solutions.

Experiments

pH calculated SB-I SB-II SB-III C-I

5.0 6.451 6.085 6.096 6.116

4.0 4.204 3.981 3.976 4.100

3.5 3.742 3.597 3.604 3.656

3.0 3.039 3.004 2.999 3.011

Tap-distilled
water

6.703 6.421 6.530 6.560

*The pH of each spray solution was measured with a PH :
The values were converted to (H+). The average (H ) were 
then converted to the pH values.

Table 3. Moles H+ per pot.

Treatment
PH
calculated SB-I SB-II SB-III C-I

5.0 3.539 X IO’6 8.229 X io-6 8.009 X 10-« 7.656 X 10“'

4.0 6.250 X IO-4 1.046 X io-3 1.058 X io-3 7.937 X 10"

3.5 1.812 X 10“ 3 2.531 X 10'3 2.489 X 10“ 3 2.209 X 10“

3.0 9.141 X io“3 9.908 X io"3 1.002 X io'2 9.750 X 10"

Tap-distilled 1.981 X io'6 3.789 X io'6 2.953 X io'6 2.756 X 10“
H 0 

2
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Figure 1. A standard titration curve of calculated pH 3«0 
solution versus 0.01N NaOH.



10

Height and Weight Measurements. Plant heights in experiment 

SB-I were measured twice weekly. Measurement was taken from the soil 

level to the base of the apical bud. Leaf number was also recorded. 

For the Cd treated plants (SB-II,III) height was recorded at the onset 

of the acid-spray and again upon termination of the experiment. For 

the com experiment (C-I) height was measured twice weekly from the 

soil level to the tip of the tallest leaf. Leaf number was again

recorded.

Soybean experiments SB-I,II and III were terminated after the 

plants had received 20, 13 and 18 sprays, respectively (35, 29 and 40 

days after planting). The corn experiment C-I was terminated after 20 

sprays (35 days after planting). Table 4 is a summary of experimental 

protocol.

Table 4. Summary of Experimental Protocols.

SB-I SB-II SB-III C-I
Plant Type Soybean Soybean Soybean Cor

Age* (days) on 
first spray

8 8 8 7

Age* (days) at 
termination

35 29 40 35

Number of sprays 
at termination

20 13 18 20

Cd application No 25 days after 
planting

36 and 37 days 
after planting

No

^Counting from the day of planting.
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Fresh weight of the shoot was recorded for each plant for all of 

the experiments. Roots were thoroughly washed and weighed for each pot 

of experiments SE-I and C-I. The individual plant shoots and root 

systems of individual pots were placed in labeled brown paper bags. The 

samples were dried for at least 48 hr in an oven at 58°C, then trans

ferred into a desiccator with fresh "Drierite" desiccation crystals for 

cooling. Dry weight was then recorded for individual tops and collec

tive roots.

Symptom recording. In experiment SB-I seven characteristic symp

toms were noted. The overall number and leaf-location of yellowish

chlorotic spots per plant were of major concern in studying the effects 

of acid-rain, as was the relative size of the spots, ranked as "1" for 

small spots, "2" for medium sizes and "3" for large spots. Holes, the 

aftermath of severe chlorotic spots, were also recorded as to number 

and rank size. Browning and wrinkling of leaves were observed and com

pared between groups, as was inter-veinal yellowing (area chlorosis).

The number of flowers and their location were also noted as an indica

tion of reproductive maturation.

In experiment C-I the symptoms of acid-spray damage were slightly 

different from those of the soybean. Features characteristic of the 

acid damage were yellow leaf tips, followed chronologically by brown 

and dried leaves, then leaf withering. After the plant became more 

established, treatment often resulted in distal light streaks like the 

inter-veinal yellowing of the soybean but later turning into a trans

parent, brownish-dried area.

In the Cd experiments of the acid-sprayed soybeans (SB-II,III), 

only the Cd-induced injuries were recorded. Brownish-rust colored
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necrotic spots were noted on the leaves. Spot size (ranked 1, 2 and 4) 

and number were recorded (SB-III).

Cadmium Application. Cadmium (10 ppm) w’as applied to leaf sur

faces with a 10 xil Eppendorf micropipette. The plants of experiment 

SB-II had 10 10-nl droplets (100 ul total) placed on the proximal half

of the center leaflet of each of the 2 oldest trifoliate leaves. This

procedure was repeated 2 more times (a total of 600 jul/plant or 6 jug/ 

plant) on the same day with adequate drying time allowed between appli

cations .

In Experiment SB-III 10, 10-ul droplets of Cd (10 ppm) were applied 

as before, but to the 3 oldest trifoliate leaves. This procedure was 

repeated once more the following day. The plants also received a total 

of 6 ng of Cd.

The Cd-treated plants were harvested on the fourth day after appli

cation (see Table 4). Fresh weight was taken for whole plants and for 

whole plants minus the half leaflets where the Cd droplets had been 

placed. (The Cd-treated leaf areas were discarded.) The plants were 

dried as before and dry weights recorded.

Atomic A-bsorption Analysis. The oven-dried samples were weighed 

and placed directly in coded 50 ml beakers, which were then placed 20 

at a time in a Blue M "Lab-Heat" muffle furnace for ashing. The fur

nace was programmed so that the temperature reached 490°-500°C in 4-6 

hr, and then maintained that temperature for an additional 10 hr period.

To the ashed samples were added 2 ml of 3N HNO^ Ultrex-brand acid 

(an acid of high purity, bottled at 70 percent strength; to obtain a 

3N strength, 50 ml was diluted to 250ml with deionized water). After 

several minutes of digestion at room temperature, the samples were
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transferred to Nalgene plastic centrifuge tubes and the beakers rinsed 

with 2 nl more of the 3N acid which was then added to the centrifuge tube 

Centrifugation at 16,000 RPM for 30 minutes was used to precipitate any 

organic residue. For analysis of sanples from, experiment SB-II, 100 >ul 

of each sample solution was diluted to 1.1 ml volume using the 3N 

"Ultrex" acid (an llx dilution). Only 8 plant digestions were done at 

a time. They were analyzed as soon as they were prepared to avoid 

possible Cd loss due to adhesion to container surfaces. Samples from 

experiment SB-III had either an llx dilution, a 6x dilution or no

dilution.

Atomic absorption analysis was done on an Instrumentation Labor

atories Model 353 with a Model 445 flameless atomizer attachment. The

Model 445 atomizer has a 6-stage power program, allowing gradual heat

ing of the sample by adjusting current (read in per cent of house cur

rent), and duration of the stage in 5 sec intervals. The starting 

power program was: (stage-per cent house current, 5 sec interval units) 

Stage 1-8%, 5 units: Stage 11-8%, 2 units; Stage 111-15%, 2 units;

Stage IV-20%, 2 units; Stage V-80%, 0 units ("zero time" results in 

nearly instantaneous achievement of the temperature corresponding to 

the "per cent power" rating); and Stage VI-80%, 2 units.

After the Cd lamp was inserted the wavelength was adjusted to 

229.9 nm peak transmission of Cd, with slit width set to 320 urn. House 

current was placed at four milliamps, and "scale" adjusted to 2.5 

milliabsorbance. The Model 353 has 2 channel readout capacity for 2 

element analysis. As only Cd concentration was being tested, the 

channel selector was set to "A". Strip chart recording was selected 

over the LED-integration format with damping set to medium.

CARROLL -OLLLOE LitJRARY
HELENA, MONTANA 59601
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When the nitrogen-purge and water-cooling systems had been turned 

on pure 3N llNO^, 2.5 ppm, 5.0 ppm and 10.0 ppm standards were analyzed. 

Ten Zil of each sample were pipetted into the flameless atomize^. cuvette 

and then repeated a minimum of three times for reproducing results.

The Cd standards and HNO^ baseline were re-determined with each set of 

eight samples.

Several samples of the centrifuged organic precipitate were digested 

in hot 3N HNO^ and analyzed to test for Cd complexed in the residue.

The result of this test was negative.

RESULTS AND DISCUSSION

Height. Com did not have a significantly different height over

a 5-week period of

(Table 5).

growth under various conditions of acid-spray

Table 5. Com height from fourth to last acid-spray. Corrected

Spray

different initial heights. N=ll

All plants received 20 sprays.

plants per treatment.

Number H2° pH 5.0*

(cm)

pH 4.0* pH 3.5* pH 3.0*

4 9.12 8.45 8.30 8.28 8.21

6 26.25 24.68 25.62 25.65 25.28

9 31.68 30.24 32.47 32.46 32.51

11 41.93 39.38 41.52 41.37 42.93

14 45.62 42.54 46.14 44.78 45.85

16 51.34 48.24 51.87 50.44 52.00

19 54.09 50.32 55.09 53.01 54.61

20 58.96 54.77 59.79 57.89 59.41

*Calculated pH’s. See Table 2 for actual pH’s.
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Soybean experiment SB-I (verified by SB-II,III) showed a different 

pattern. Acid-treated plants elongated more than did the water controls 

during the 35 day period. (Fig. 2), although the final growth was not 

significant at p=0.05. However, the trend of acid-increased growth is 

consistent. The probability of this occurrence by chance is 0.06 (1/2^) 

A possible explanation for the greater heights of the acid-sprayed 

plants might lie in the uptake of usable sulfur from the sulfuric acid.

change
in
height,
cm.

time from emmergence,days

Figure 2. Growth of soybean plants (SB-l). The amount of
growth was found, by subtracting the initial height 
from the measured, height. H = 11 plants per 

treatment. All plants received. 20 sprays.
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Weight. Although plant elongation in corn was unaffected by 

acid-spray, a trend of increased plant-top weight was seen (Table 6). 

These results were not statistically significant. The acid-treatments

seem not to.affect fresh nor dry weights of roots.

Table 6. Fresh and dry weights of com (C-I) . (pH values are

calculated values, see Table 2 for actual pH’s.)

N==11 plants per treatment.

h2o pH 5.0 pH 4.0 pH 3.5 pH 3.0

T°P

Fresh
weight

11.235 10.370 13.317 12.206 13.020

Dry Weight 1.184 1.111 1.334 1.312 1.307

Root

Fresh
weight

6.301 5.830 6.076 6.432 6.158

Dry Weight .566 .528 .550 .584 .556

The trend of acid-enhanced growth is again shown in the three 

soybean experiments (Table 7). The roots show a decrease in growth 

by treatments (Table 8), but the per cent dry weight appears to be 

greater in the acid-treated plants. Again, the soybean data for both 

tops and roots were not significantly different.



17

Table 7. A comparison of average weights, and weight to height ratios

for the tops of 30 soybean plants of each treatment. (pH

values are

From SB-I,

calculated

II, III.

values, see Table 2 for actual pH's.)

H2° 5.0 4.0 3.5 3.0

Fresh weight, cm 3.254 4.086 4.153 3.647 3.596

Dry weight, cm .5986 .8248 .8287 .6980 .7003

% Dry weight 18.87 20.84 20.03 19.51 20.02

Fresh weight/ 
final height 
(gm/cm)

.1432 .1541 .1538 .1573 .1442

Dry weight/ 
final height 
(gm/cm)

.0272 .0314 .0310 .0318 .0284

Table 8. Fresh and dry weights and % dry weight for soybean roots

under acid spray treatments. From SB-I (pH values are cal-

culated values, see Table 2 for actual values). N—12 plants

per treatment.

h2o pH 5.0 pH 4.0 pH 3.5 pH 3.0

Fresh weight, gm 2.048 1.765 1.812 1.764 1.936

Dry weight, gms .2023 .1989 .2128 .1913 .1986

% Dry weight 9.84 11.4 11.7 10.9 10.4
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The overall data on growth show no significant difference among 

treatments for both com and soybean. However, treatment with 

spray increases both the fresh and dry weight of the plant tops. It is 

possible that the sulfur supply to the plants was not at an optimal level 

and the acid sprays contributed sulfur for the added growth in the plants 

Wood and Bormann (27) in their study with yellow birch seedlings showed

that acid sprays had no significant effect on growth until the pH levels 

drop to pH 3 and lower. They found a reduced growth with higher acidity.

Acid-Spray Injurfes. The main characteristic of acid-spray injury 

in the soybean is the chlorotic spot. The average value of spot size 

(ranked 1, 2 or 3) times the number of spots per plant gives a comparison 

of acid spray injury between treatment groups. The ratios of the indi

vidual acid injury values to the water injury values shows a positive 

correlation of injury to increasing acidity (Fig. 3).

Leaf-edge browning, another characteristic symptom of the soybean, 

did not occur on the water or pH 5-treated groups, and increased linearly 

from the pH 4 to the pH 3 groups. The inter-veinal yellowing symptom was 

observed at low levels and at low intensity in the water group, and in

creased steadily, both in quantity and intensity, as the pH was lowered. 

Wrinkling, or leaf-edge deformation, was not seen in the water treatment, 

in small percentages in pH 5, pH 4, and pH 3.5, and in>50% of the pH 3

treatment.

Although termination of the experiment ended the continued observa

tions on flower bud opening, an apparent trend of earliest and greatest 

flowering at pH 4 is seen (Table 9), with earlier and greater flowering 

in all acid groups than in the water treatment. This change from a vege

tative to a reproductive stage is apparently influenced by the acid
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treatment. Whether this advancement of flowering is due to the H+ or to 

the sulfur supply requires further investigation.

13

12

11

10

9

8

injury 
severity 7 
ratio

6

5

U

3
2

1

KHIIiIB A... J1I,
7 6 5 ^3

pH
Figure 3. Injury severity ratio: derived by multiplying the 

number of acid-induced chlorotic spots (per plant) 
by spot size (rank), then dividing the average injury 
value for each treatment by the water-treatment con
trol. SB-I. N = 12 plants per treatment.
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Table 9. Number of opened flowers per treatment. SB-I. N=12 plants 

per treatment. (pH values are calculated values, see Table

2 for actual values.)

Spray No. H2° pH 5.0 pH 4.0 pH 3.5 pH 3.0

17 0 0 1 0 1

18 5 11 19 13 8

19 14 20 26 22 14

20 17 26 38 30 20

The injury symptoms noted in the corn (C-I) experiment were yellow

leaf tips, brown and dried leaves, early light streaks of inter-veinal 

yellowing and later transparent, dried areas. Acid-induced damage can 

be seen for pH values of 4.0 and lower (Table 10).

Table 10. Acid-induced injury in corn leaves of experiment C-I. Tab-

ulation is

acteristic

the ratio of acid to water treatments of four char

of leavessymptoms, calculated by using the number

showing the: symptom and the number of plants within the

treatment.
PH

Symptom 5.0 4.0 3.5 3.0

yellow leaf tip 0.981 1.200 1.22 1.098

brown, dry leaf 1.159 1.079 1.097 1.157

light, inter- .994 1.690 1.787 2.211
veinal streaks

dry streaks .775 .937 1.225 2.620
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Acid-Spray and Cadmium Uptake. Two soybean experiments, SB-II and 

SB-III, tested the relationship between acid-spray treatments and the 

amount of Cd taken up by the plants. As cell necrosis can alter perme

ability, this investigator thought that experiment SB-III was a better

experiment as the lower amount of Cd applied to the individual leaves

allowed for less Cd-induced cell injuries.

In experiment SB-II atomic absorption analysis was done to quantify 

Cd uptake. A statistical significance was not found between treatment 

groups, but a definite trend can be seen (Fig. 4). The lower pH treat

ment seems to result in higher Cd uptake.

In addition to atomic absorption analysis, a 4-day observation study

of Cd-induced spot necrosis was recorded for soybean plants in experiment

SB-III. Spots were counted (Fig. 5) and their size ranked (1, 2 and 4). 

Injury was recorded as spot number times rank. A definite trend of in

creased Cd injury at decreased pH values is shown in Fig. 6.

On the third and fourth days of recording Cd injury, it was noted

that all of the acid-sprayed, untreated side-leaflets of the trifoliate

leaves also exhibited necrosis even though no Cd had been directly 

applied to their surfaces (Fig. 7 and 8).

Results from atomic absorption studies indicated an increased Cd up

take in the acid-treated plants of experiment SB-III (Fig. 9). At pH 4.0

and lower the differences between the acid treatments and the water

control were significant at p=0.05.

It appears that increased H^SO^ concentration in the acid sprayed 

on corn and soybean foliage can increase growth. It also seems evident 

that acid-sprayed plants are more susceptible to Cd injury and show

greater uptake of this heavy metal.

CAk E t.JkARY
HELENA, MONTANA 59601
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average
spot
number
per
leaf

days from application

Figure 7. Cd-induced necrotic spots on untreated leaf
lets of the trifoliate soybean leaves. SB-III 
C is water control. (Calculated pH values.)
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Cd
injury
per
leaf

days from application

Figure 8. Cd-induced injury.. (Number of spots times 
spot rank.) Untreated leaflets of SB-III.
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uptake, 
<!> of 
Cd
applied

Figure 9« Cd uptake "by soybean plants of SB-III.
Values corrected by subtracting the Cd 
non-treated control from the treated. 
*significantly different at p=O.O5.
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