
















Table 4.4. The effect of previous exposure of plants to waterlogging on their ability to 

exclude salt from the leaves during saltlwaterlogging. a 

Previous exposure Increase in concentration due to 

to waterlogging saltlwaterlogging (%) 

Species (days) Chloride Sodium 

Sunflower (Helianthus annuus) none 395 1045 

13 -9 94 

River red gum (Eucalyptus camaldulensis) none 100 119 

21 30 31 

Swamp mahogany (Eucalyptus robusta) none 83 115 

21 4 9 

Tasmanian blue gum (Eucalyptus globulus) none 79 130 

21 -10 62 

a In each case, sa lt/waterloggi ng stress was app li ed after the pretreatmen t. For sunflowers, the plants we re grown in air-bubbled nu trient 
soluti ons. Sa ltlwaterl ogging stress was app li ed by increasing the sa linity (e lectrical conductivi ty of the so lu tion) to 15 dec isiemens per metre 
and all owing the so lu tio ns to become stagnant for 10 days (Kri edemann and Sands 1984). For the three tree spec ies , the plants were grow n in 
sand cultures irri gated with nutri ent so lutio n. T he sa ltlwaterl oggi ng stress was imposed by increas ing the salt concentrations (elect ri ca l 
conduct ivities of the so luti ons) to 10 decis iemens per metre and sa turating the sand to the surface fo r 25 days (Marcar 1993). Sodium and 
chloride concentrati ons were determined in the leaves . 

or chloride in all plants tested. The plant with the 

lowest increase in concentrations in the leaves was the 

waterlogging-tolerant species, rice (Oryza sativa). 

Previous exposure to waterlogging can improve the 

ability of plants to cope with salt-waterlogging 

interactions. Table 4.4 compares the effects of previous 

and no previous exposure to waterlogging on the 

increase in sodium and chloride wncentrations in leaves 

after the start of saltlwaterlogging. In each case, there is 
a smaller increase in sodium and chloride concentrations 

if the plants have been pretreated with waterlogging. 

These kinds of results have encouraged researchers to 

suggest that plants have special mechanisms which 

improve their ability to cope with waterlogging. 

Previous waterlogging gives the plants a chance to 

'switch on' these mechanisms before the 

saltlwaterlogging starts.5 

The increased salt concentrations in leaves due to 

saltlwaterlogging interactions cause damage to leaves, 

5 One of the li kely mechani sms is the fo rmation of 'ae renchyma' in 
roots. Aere nchyma are unfill ed spaces or channels in the root 
which enable oxygen to diffuse inside the root to the tip. 
Anatomical observations under the microscope confirmed that in 
one of the cases reported in Table 4.4 (sun flowe rs), prev ious 
exposure to waterloggi ng did stimulate aerenchyma fo rmation 
(Kriedeman n and Sands 1984). 

which affects plant growth. Photo 4.2 shows the effects 

of salt-waterlogging interactions on wheat waterlogged 

at various salinities for 33 days. At all salinity (ECw) 

values greater than 2 decisiemens per metre, 

waterlogging caused extensive leaf damage to plants 

and there was no growth (increase in shoot weight) after 

33 days. This damage was not due to salinity alone, 

because when plants were grown under drained 

conditions, shoot growth continued even at ECw values 

as high as 12 decisiemens per metre (Photo 4.2). 

We believe that the growth of crop plants may be 

affected by waterlogging on saltland without farmers 

being aware of it. Figure 4.5 shows the average 

response to salinity of 17 wheat cultivars growing in a 

saline field in California (Richards et al. 1987) and the 

growth that would have been expected based on the 

studies of salinity response summarised by Maas and 

Hoffman (1977). There was a much greater depression 

in grain yield in the field than in the well-drained soils 

considered by Maas and Hoffman. These differences 

could have been due to low-level salt-waterlogging 

interactions occurring in the field6 

6 \Y/e know that this site was subject to waterlogging as the 
authors used the presence of waterl ogging to justify the 
di scarding of some anomalous plant measurements (Ri cha rds 
et al. 1987, p. 280). 45 
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Photo 4.2. Effects of salt and waterlogging on wheat grown in 
nutrient solutions. Pots on the left were 'waterlogged' for 33 

days (simulated by bubbling solutions with nitrogen gas). Pots 
on the right were 'drained' (simulated by bubbling solutions 

with air). (A) Plants grown with no salt. (B) Plants grown with 

ECw values of 2 decisiemens per metre. (C) Plants grown with 

ECw values of 12 decisiemens per metre (Barrett-Lennard and 
Malcolm 1995, p. 12). [PHOTOGRAPHS: S. EYRES] 
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Figure 4.5. Comparisons of the response of wheat to salinity 
(EC.) in the field (where waterlogging did occur) and in the 

well-drained experiments summarised by Maas and Hoffman 

1977 (median results of 17 cultivars) . 

Salt-waterlogging interactions also affect plant survival. 
Figure 4.6 shows the effects of salt-waterlogging 
interactions on the survival of seven Australian tree 
species. All of these species had high percentages of 
survivors under conditions of salinity (ECw values of 
42 decisiemens per metre). However, there was much 
lower survival for all except one species (swamp oak) 
when the salinity treatment was imposed with 
11 weeks of waterlogging? 

More than 70 Australian tree species have now been 
screened for tolerance to the combined stresses of 
salinity and waterlogging. The species with best 
survival under combined salinity and waterlogging are 
listed in Table 4.5 . 

4.3 Breeding for Salinity 
Tolerance 

About two decades ago, one of the world's famous 
plant physiologists assembled a research team to breed 
cereals for salt tolerance8 The strategy was to: (a) 
screen a wide variety of cereal germ plasm at high levels 
of salinity, (b) retain and bulk up seed of the survivors, 
and (c) grow that material out on a well-drained coastal 

7 Similar variation has also been found within Casllari lla species 
(Moezel e t al. 1989). 

8 We refe r to Emanuel Epstei n and a se ri es of papers appearing 
from thi s group in the late 1970s and ea rly 1980s (Epstein and 
No rl yn 1977; Epstein e t al. 1980) 




