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Bui’s commentary [1] arises from an observation made in our paper on the
evolution of salt tolerance in grasses. We described the ‘paradox’ of salt toler-
ance; that it evolves often in nature but is hard to breed into crops [2],
although there has been recent success in increasing the tolerance of wheat
on salt-affected soils in Australia [3]. Bui suggests that one reason for lack of
success in breeding salt-tolerant crops is that researchers have focused primarily
on sodium chloride in soil and have paid less attention to the effect of alkalinity.
This important issue should be explored more fully, particularly with reference
to Australian soils with their transient and complex salt contents [4]. However,
while soils in Australia are predominantly sodic, many soils throughout the
world are saline and dominated by chloride, reflecting the ion balance in sea-
water [5]. Screening for tolerance to sodic soils is difficult in a laboratory [6].
It requires a soil-based system [7], although the use of tanks can make this a
practical proposition [8].

We agree that, given the overlap of salinity and alkalinity on the landscape
[1,9], it would be interesting to ask whether there has been co-adaptation to sal-
inity and alkalinity. Although clear differences in tolerance to salinity and
alkalinity exist for some species (e.g. rice [7]), shared underlying mechanisms
in salinity and alkalinity tolerance have been suggested for some taxa, such
as Eucalyptus [10] and Chloris [1]. This leads to a broader question of whether
some lineages have characteristics that make them better able to adapt to a
range of environmental stresses. There may be a suite of stress-related traits
that allow plants to survive in different stressful environments by switching
from high-resource strategies to stress-tolerant strategies [11].

The stress resistance syndrome hypothesis [11] could explain, at least in part,
the striking pattern which emerged from our study that salt tolerance has evolved
often in a wide range of grasses [2]. C4 photosynthesis has also evolved indepen-
dently many times in grasses [12]. Because C,4 leads to improved water use
efficiency, it is often associated with open, arid environments [12], which are
also more likely to be affected by salinity and alkalinity [13]. Alkaline soils
often have poor soil structure, which affects their hydraulic conductivity and
water uptake by plants [14]. Furthermore, accumulation of sodium ions may
interfere with normal stomatal closure, exacerbating water loss in plants growing
in sodic soils [14]. Halophytes arise more often than expected in C, lineages, poss-
ibly because the greater water use efficiency of C, photosynthesis reduces the
negative impact of osmotic stress and ion toxicity imposed by saline conditions
[15]. Therefore, we might consider C, photosynthesis and salt tolerance as aspects
of a broader stress resistance syndrome linked to aridity, which might also confer
alkali tolerance. If this were the case, then selecting for salt tolerance in crops may
incidentally confer a degree of tolerance to alkalinity or drought stress. Ideally,
rather than investigating the phylogenetic distribution of tolerance to one particu-
lar stress, such as salinity [2], we should consider the distribution of tolerance to a
range of environmental stresses. This may permit us to identify lineages that can

© 2013 The Author(s) Published by the Royal Society. Al rights reserved.


http://crossmark.crossref.org/dialog/?doi=10.1098/rsbl.2013.0642&domain=pdf&date_stamp=2013-08-07
mailto:lindell.bromham@anu.edu.au
http://dx.doi.org/10.1098/rsbl.2013.0566
http://rsbl.royalsocietypublishing.org/

Downloaded from rsbl.royalsocietypublishing.org on August 13, 2013

We agree that the investigation of evolutionary patterns of

References

Bui E. 2013 Possible role of soil alkalinity in plant
breeding for salt-tolerance. Biol Lett. 9, 20130566.
(doi:10.1098/rsbl.2013.0566)

Bennett TH, Flowers TJ, Bromham L. 2013 Repeated
evolution of salt-tolerance in grasses. Biol. Lett. 9,
20130029. (doi:10.1098/rsbl.2013.0029)

Munns R et al. 2012 Wheat grain yield on saline
soils is improved by an ancestral Na™ transporter
gene. Nat. Biotech. 30, 360—364. (doi:10.1038/
nbt.2120)

Rengasamy P. 2006 World salinization with
emphasis on Australia. J. Exp. Bot. 57, 1017—-1023.
(doi:10.1093/jxb/erj108)

Ghassemi F, Jakeman AJ, Nix HA. 1995 Salinisation
of land and water resources: human causes, extent,
management and case studies. Sydney, Australia:
University of New South Wales.

Singh R, Mishra B, Chauhan M, Yeo A, Flowers S, Flowers
T. 2002 Solution culture for screening rice varieties for

readily adapt to a variety of harsh environments or traits that
confer multiple stress tolerances.

plant adaptations to harsh environments should incorporate

10.

more data on geochemistry, combined with climatic data.

Interaction between soil and plant scientists is vital for

sodicity tolerance. J. Agric. Sci. 139, 327-333. (doi:10.
1017/500218596 02002447)

Singh RK, Flowers TJ. 2011 Physiology and
molecular biology of the effects of salinity on
rice. In Handbook of plant and crop stress

(ed. M Pessarakli), pp. 899—939. Boca Raton,
FL: CRC Press.

Rao PS, Mishra B, Gupta S, Rathore A. 2008
Reproductive stage tolerance to salinity and
alkalinity stresses in rice genotypes. Plant Breed.
127, 256-261. (doi:10.1111/1.1439-0523.2007.
01455.x)

Rengasamy P. 2010 Soil processes affecting crop
production in salt-affected soils. Funct. Plant Biol.
37, 613-620. (doi:10.1071/FP09249)

Farrell R, Bell D, Akilan K, Marshall J. 1996
Morphological and physiological comparisons of
clonal lines of Eucalyptus camaldulensis. Il.
Responses to waterlogging/salinity and alkalinity.

.

12.

13.

14.

15.

the development of salt-resistant crops, especially given the
difficulties in reproducing field conditions in the laboratory.

Funct. Plant Biol. 23, 509—518. (doi:10.1071/
PP9960509)

Chapin FS, Autumn K, Pugnaire F. 1993 Evolution of
suites of traits in response to environmental stress.
Am. Nat. 142, S78-592.

Edwards EJ, Smith SA. 2010 Phylogenetic analyses
reveal the shady history of C, grasses. Proc. Nat/
Acad. Sci. USA 107, 2532—2537. (doi:10.1073/pnas.
0909672107)

Bui E. 2013 Soil salinity: a neglected factor in plant
ecology and biogeography. J. Arid Environ. 92,
14-25. (doi:10.1016/j.jaridenv.2012.12.014)
Bernstein L. 1975 Effects of salinity and sodicity on
plant growth. Annu. Rev. Phytopathol. 13,
295-312. (doi:10.1146/annurev.py.13.090175.
001455)

Bromham L, Bennett TH. In press. Salt tolerance
evolves more frequently in C4 grass lineages.

J. Evol. Biol.

TH90€L07 6 197 [01g  BuoBuiysijgndiaaposieforgss


http://dx.doi.org/10.1098/rsbl.2013.0566
http://dx.doi.org/10.1098/rsbl.2013.0029
http://dx.doi.org/10.1038/nbt.2120
http://dx.doi.org/10.1038/nbt.2120
http://dx.doi.org/10.1093/jxb/erj108
http://dx.doi.org/10.1017/S0021859602002447
http://dx.doi.org/10.1017/S0021859602002447
http://dx.doi.org/10.1111/j.1439-0523.2007.01455.x
http://dx.doi.org/10.1111/j.1439-0523.2007.01455.x
http://dx.doi.org/10.1071/FP09249
http://dx.doi.org/10.1071/PP9960509
http://dx.doi.org/10.1071/PP9960509
http://dx.doi.org/10.1073/pnas.0909672107
http://dx.doi.org/10.1073/pnas.0909672107
http://dx.doi.org/10.1016/j.jaridenv.2012.12.014
http://dx.doi.org/10.1146/annurev.py.13.090175.001455
http://dx.doi.org/10.1146/annurev.py.13.090175.001455
http://rsbl.royalsocietypublishing.org/

	Soil alkalinity and salt tolerance: adapting to multiple stresses
	References


