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INTRODUCTION 

Severe injury to vegetation has occasionally been observed in 
the v i c i n i t y  of pulp and paper mil ls in Ontario. Although vegetation 
injury was usually associated with accidental releases of sulfur 
dioxide (SOp) from su l f i te  mil ls (LINZON, et al ,  1972) vegetation has 
also been ihjured in the v ic in i ty  of k ra f tmi �9  where ambient S09 
concentrations were low and fol iar injury symptoms did not resembl~ 
those caused by SO 2 (GRIFFIN 1976). Sodium sulfate (NagSO m) has been 
identified as a major air pollutant emitted by kraft pu?p ~nd paper 
mills (ADAMS and KOPPE, 1966; HASTINGS et al, 1972). Sodium concen- 
trations in vegetation samples collected in the severe fol iar injury 
zone around a kraft mill in northwestern Ontario averaged lO-5O times 
normal levels (GRIFFIN 1976), so sodium sulfate was implicated as a 
potential phytotoxic pollutant. Dustfal~ levels in the v ic in i ty  of 
this mill2averaged between I l  and 14 g/m /30 days and ranged as high 
as 28 g/m /30 days. Most of the dustfall would appear to be sodium 
sulfate (H. GRIFFIN, pers. communication) indicating a rate of depo- 
sit ion of nearly one gram of sodium sulfate per square meter per day 
within 200 to 300 meters of the pulp mil l ,  with higher rates of depo- 
sition closer to the mill. The levels of sodium sulfate applied to 
plants in this experiment reflected the high concentrations of this 
material encountered in the v ic in i ty  of the pulp mill. The objective 
of these experimental exposures was to determine the effects of atmos- 
pheric deposition of sodium sulfate on plants, and to compare injury 
symptoms on treated plants with those observed in the f ield. 

METHODS 

The plants used for the experiments were Pinto beans and "Veemore" 
tomatoes, representative of species commonly grown in home gardens 
around pulp and paper mills. Pinto beans were 28 days old and tomato 
plants were 35 days old at the beginning of the experiment. Plants were 
grown in a greenhouse equippe~ with an act~vated charcoal air f i l t ra t ion  
system under conditions of 22 C day and 18 C night temperature, 50-55% 
relative humidity and 12 hour photoperiod. 

Technical grade sodium sulfate was ground with a mortar and 
pestle to a fine powder. This was dusted onto t~leaves of bean and 
tomato plants which had been moistened with a fine spray of d ist i l led 
water to simulate dew formation. The saltcake was applied up to three 
times each week at rates of O, 0.5, l.O, 3.0 and 5.0 grams per treatment. 
Six replicate plants were used for each treatment. Measurements of 
plant heights and leaf lengths were taken weekly. At the end of the 
experiment, four weeks for Pinto bean and three weeks for tomato, injury 
symptoms were noted and dry weights of individual plant parts were mea- 
sured. The plants and soil were subsequently analyzed for sodium 
contents by conventional atomic absorption spectrophotometry. 
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RESULTS 

A. Plant Growth 

Pinto beans 

Plant heights of Pinto beans a f t e r  exposure to sodium su l fa te  are 
given in Table I .  A f te r  one week of exposure, the 0.5 g treatment had 
no e f fec t  on plant  growth, but plants exposed to 1.0 g were s i g n i f i c a n t l y  
smal ler than control plants ( p ~  0.01). The higher rates of app l i ca t ion ,  
3 and 5 g also s i g n i f i c a n t l y  reduced plant growth. No v i s i b l e  i n ju ry  was 
observed on plants t reated at rates of 0.5 and 1 g per app l i ca t ion .  Plants 
exposed to 3 g per treatment had 30% of leaves with l i g h t  marginal necro- 
s is .  In ju ry  on plants treated with 5 g per app l ica t ion increased from 
30% of leaves with l i g h t  ( <  15%) marginal necrosis to an addi t ional  50% 
of leaves with severe ( : "  35%) marginal necrosis and w i l t .  

Table 1 

Ef fect  of sodium su l fa te  on plant  growth of Pinto 
beans; mean of s ix  rep l i ca tes  per treatment 

Rate of treatment Total sa l t  load Plant height 
(g /app l i ca t ion)  (g) (cm) 

1 Week: 

2 Weeks: 

3 Weeks: 

4 Weeks: 

0 0 23.2 a 
0.5 2 22.7~ 
1 4 21 .5  
3 12 18.8 c 
5 20 19.8 c 

0 0 25.7 a 
0.5 3.5 23.8 a 
1 7 22.8 D 
3 21 18.8 c 
5 25 19.0 c 

3 a 0 0 27.3b 
0.5 5 26 
1 I0 2113 c 
3 - necrot ic  
5 - necrot ic 

o o 271~ ~ 
0.5 6.5 24 
1 13 21.7 c 

Dif ferences between means with d i f f e r e n t  superscr ipts are h ighly  
s i g n i f i c a n t  ( p <  0.01) 
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After  two weeks of treatment the 0.5 g rate of app l i ca t ion  had 
no ef fect  on p lant  growth, but the 1 g rate s i g n i f i c a n t l y  reduced p lant  
height and leaf  lengths. The higher rates of app l i ca t ion  reduced p lant  
growth to an even greater degree, but the d i f ference between the 3 g 
and 5 g treatments was not s i g n i f i c a n t .  Plants treated wi th  5 g per 
app l ica t ion  had become t o t a l l y  necrot ic  a f te r  two weeks and th i s  rate 
of app l ica t ion  was discont inued. At the 3 g rate,  one rep l i ca te  showed 
severe necrosis and w i l t ,  two were moderate, and three were l i g h t  to 
moderate. Chlorosis of primary leaves was more severe than on contro l  
p lants ,  and f lower production was i nh ib i t ed .  No v i s i b l e  i n j u r y  symptoms 
were observed at the lower treatment rates.  

A f te r  three weeks of treatment, i n h i b i t i o n  of p lant  growth by 
the 0.5 g rate of app l ica t ion  had become s i g n i f i c a n t ,  but no f o l i a r  i n -  
j u ry  symptoms were detected on these p lants .  Plants exposed to 3 g per 
treatment had become almost 100% necrot ic  and th is  rate of app l i ca t ion  
was discont inued. Browning at the t i ps  of mature leaves was noted, 
suggesting that  the sodium su l fa te  had become soluble in the so i l  and 
had translocated to the leaf  t i ps .  No f o l i a r  i n j u r y  was detected at 
the 1 g rate of treatment. 

A f te r  four weeks both the 0.5 and 1 g treatments had s i g n i f i c a n t l y  
reduced p lant  growth. In add i t ion ,  the average number of bean pods per 
p lant  and dry weight of the pods were also reduced by the sodium su l fa te  
treatments. At the 0.5 and 1 g rates of  app l i ca t ion ,  plants developed 
a brown terminal necrosis on 50% of mature leaves, suggesting that  
tox ic  amounts of sodium and/or su l fa te  had t ranslocated to the t i ps  
of the leaves. 

Veemore tomato 

Plant heights of tomato plants t reated with saltcake are given in 
Table 2. Treatment wi th  3.0 and 5.0 g of  saltcake s i g n i f i c a n t l y  reduced 
p lant  growth a f te r  one week. Af ter  two weeks, the 1.0 g treatment had 
s i g n i f i c a n t l y  reduced p lant  growth, but even a f te r  three weeks of  t r e a t -  
ment the 0.5 g rate of app l ica t ion  had no s i g n i f i c a n t  e f fec t  on p lant  
growth. No v i s i b l e  i n j u r y  was observed on any of the tomato plants a f t e r  
the f i r s t  week of treatment. During the second week, p lants given the 
5.0 g rate showed severe desiccat ion and f o l i a r  necrosis.  During the 
t h i r d  week of treatment, the plants t reated at the rate of  3.0 g also 
developed severe desiccat ion and necrosis.  In both cases, i n j u r y  developed 
qu ick ly  when the to ta l  sa l t  load had reached 30 g. Tomatoes given the 
l i g h t e r  s a l t  treatments showed only trace brown t ipp ing  on leaves. 
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TABLE 2 

Effects of sodium sulfate on plant growth of "Veemore" 
tomatoes; mean of six replicates per treatment 

Rate of treatment Total salt load Plant height 
(g /app l icat ion)  (g• (cm) 

1Week: 
0 0 203– 
0.5 15 20,3 
1 3 19.7�8 
3 9 17.3~ 
5 15 17.4 D 

2 Weeks: 
0 0 21 4 a 
0.~ 3 21:1 �8 
l 6 19.2 
3 18 171 c 
5 30 170 c 

3 Weeks: 
0 0 235 a 
0.5 5 234~ 
l lO 213 ~ 
3 30 17.1 c 

Differences between means with different superscripts are highly 
significant (p~O Ol) 

B Dry Weight and Chemical Analyses 

Bean plants underwent a steady reduction in dry weight of foliage 
in response to increasing levels of sodium sulfate deposition, while 
tomato plants showed no effects at low levels and a gradual reduction 
in dry weight of foliage at higher sodium sulfate loadings (Table 3 )  
The response of root growth to sodium sulfate in both species was similar 

Both beans and tomatoes showed a steady reduction in root mass 
with increasing amounts of sodium sulfate deposition 

260 



4.5 

3.0 

1.5 

�9 f o l i age  

O - - - - -O  f ru i t  

o - - - - o  roots 

�9 . . . .  �9 s o l i  

/~--~ S ' _  ...... - ............... ~ ...... 

4.0 8.0 12.0 16.0 20.0 24.0 
T o t a l  SALT L O A D , g  

P I N T O  B E A N  

Figure 1 - Accumulation of sodium in Pinto bean plants and soil 

with increasing levels of sodium sulfate deposition. 

6.0 

4.5 

3.0 

1.5 

j J  
J 

J 

/ j S i  

_ - ~ - - - g r -  - Q .  

i i i i 

5 10 15 20 
T o t a l  S A L T  L O A D , g  

VEEMORE TOMATO 

�9 �9 f o l i a g e  

O - -  ---O roots 

0 - - - , 4 ,  soil 

f 
J 

J 
J 

J 

25 30 

Figure 2 Ar of sodium in tomato plants and soil with 

increasing levels of sodium sulfate deposition. 

261 



Table 3 

Ef fec ts  of  sodium su l f a te  on dry weights of tomato 
and bean p lants a f t e r  three weeks of  t reatment ;  

mean of  s ix  r ep l i ca tes  per t reatment 

Rate o f  t reatment Total sa l t  Tomato, dry wt. g. Bean, dry wt. g. 
( g / app l i ca t i on )  load, g leaves roots leaves roots pods 

0 0 12.8 2.4 13.6 1.6 4.4 

0.5 5 12.5 1.6 6.8 1.3 2.1 

1 I 0  10 .6  1 . 4  4.9 0.8 0.3 

3 30 4.4 0.5 3.4 0.5 0 

5 30 3.8 0.2 3.6 0.3 0 

Fo l i a r  l eve ls  of  sodium increased rap™ in bean p lan ts ,  whi le  
sodium contents of  f r u i t  and roots increased gradua l l y  (F ig .  I ) .  Above 
the 12 gram level  the sodium content  o f  roots dec l ined,  poss ib ly  because 
the p lants  were desiccated or nec ro t i c  and the roots were no longer 
p h y s i o l o g i c a l l y  ac t i ve .  In tomato p lants  l eve ls  of sodium in f o l i age  
increased rap id l y  to a maximum of 5.5 per cent dry weight ,  whi le the 
sodium content  o f  tomato roots increased l i n e a r l y  (Fig.  2).  Sodium 
leve ls  in tomato f o l i age  and roots were s i g n i f i c a n t l y  g rea te r  ( p y  
than concent ra t ions in bean fo l i age  and roots .  

DISCUSSION 

Pinto beansandtomatoes d i f f e r e d  in t h e i r  response to sodium 
s u l f a t e .  Beans responded to increas ing dosages of  sodium su l fa te  by 
a steady reduct ion in p lan t  growth and dry weight .  Tomatoes were not 
a f fec ted  by the 0.5 and 1 g rates of  app l i ca t i on ,  and at the higher 
rates tomato p lants  responded by a gradual reduct ion in p lant  height  
and dry weight .  

I n ju ry  symptoms induced by f o l i a r  app l i ca t i on  of sodium su l fa te  
to bean and tomato p lants were charac ter ized by a l i g h t  brown marginal 
necrosis and a pronounced w i l t  of  the leaves. These symptoms were not 
the same as those observed on vegetat ion in ju red  in the v i c i n i t y  of  the 
k r a f t  pulp m i l l  (GRIFFIN, 1976) suggesting tha t  the causal agent of  
vegeta t ion i n j u r y  around the k r a f t  m i l l  was not sodium su l f a te .  In 
add i t i on ,a l though  maximum d u s t f a l l  depos i t ion  in the i n j u r y  zone around 
the k r a f t  mil l2was on the order of  I00 tons/sq,  mi le /30 days or approx- 
imate ly  28 g/m /30 days rates of  depos i t ion  averaged over the growing 
season were lower than dosages of sodium su l f a te  found to be tox i c  to 
p lants  in these experiments. This suggests that  vegeta t ion  i n j u r y  ob- 
served around the k r a f t  m i l l  was caused by a substance or  combination 
of substances more tox i c  to p lants than sodium su l f a te .  However, in 
these experiments vegetat ion i n j u r y  became more pronounced as sodium 
su l f a te  leve ls  increased in s o i l ,  and sodium and/or su l f a t e  t rans located 
to the t i ps  and margins of  leaves. The resu l t s  of  these experiments 
suggest tha t  sodium su l f a te  emissions from k r a f t  pulp m i l l s  may be 
i n j u r i o u s  to vegetat ion i f  concentrat ions bu i ld  up in s o i l ,  w i th  sub- 
sequent uptake and t rans loca t ion  by p lan ts ,  ra ther  than by d i r e c t  f o l i a r  
i n j u r y .  
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