Plants can b biu ly divic Yinto t. . .nuje. <roups:
halophytes (‘salt plan. " —th »~c v} 1salt
concentrations), saft-tole int ncii-halc hyt i (these
grow at moderat- uce 1 ntrations), and - a/t-
sensitive non-halophytes (the s« ¢ sensitive to ~ven
low salt concentrations).

All crop plants are cither ¢« It-tolerant or = 't-sensitive
non-halophytes. Abc it 150 agriculturally imnc rtant
species have been . 1l dfor st oler w 1. ve o,
these may be o, Lnly pedal value for Poi tan becanse
they do not take account of tF > .;oblem of
waterlogging in salt-aff~~*~c uils.

All plants have develoyp {v s - ~lude - Il 1om
their shoots in order to surviv. = "h 1 -1anisms
require energy. Wate fogging mak  plant roots oxy :n
Jdeficient, which deci .. their proc' _tion ¢ .1e 3y,
As woosult Ut exclucon mechanisms breal dowr, and
the roots become ‘leaxy’ to salt. Thit '  incree sed
uptake of salt into the ~he t, which can decie < plant
growth and yield, ar 1aff _.csurvival.

It may be possible to breed agiicultural plai .~ 1or
Fakistan's salt-aff t+ "I . 1. How: v - such plants will
need toleranc > .ot linity and v aterlogging.

Plants can be broadly divided into three groups on the
basis of the effects of salt on their growth (Fig. 4.1).

e Halophytes (‘salt plants’). Halophytes actually have
increased growth at low salt concentrations
(compared to no salt), with decreased growth at
much higher concentrations. River saltbush (Atriplex
amnicola) is typical: it has a '0% increase in growth
at salinities (electrical conductivities) of
5 decisiemens per metre, a 50% decrease in growth
at 40 decisiemens per metre, and is still alive at
75 dv isiemens per metre. Other plants in this group
incluce: quallbrush (A. lentiformis), Suaeda fruticosa
and Salicornia bigelovii.

e Sall-tolerant non-halophytes. These plants maintain
growth at low salt concentrations, but have decreased
growth at higher concentrations. Cotton (Gossipium
hirsutum) is typical: it has a 50% reduction in
growth at salinities (electrical conductivities) of
17 decisiemens per metre. Other plants in this group
include sugarbeet (50% decrease in growth at
15 decisiemens per metre), barley (50% decrease in
growth at 18 decisiemens per metre) and date palm
(50% decrease in growth at 18 decisiemens per
metre) (calculated from Maas 1986).

o Salt-sensitive non-halophytes. The growth of these
plants is sensitive to even low concentrations of salt.
Beans (Phaseolus vulgaris) are typical: they have a
50% decrease in growth at salinities (electrical
conductivities) of 3.6 decisiemens per metre. Other
plants in this group include rice (50% decrease in
growth at 7.2 decisiemens per metre), carrot (50%
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Figure 4.1. The effect of salinity (electrical conductivity of the
nutrient solution or EC... ) on plant growth in nutrient solution
or irrigated sand culture. River saltbush is a typical halophyte
(Aslam et al. 1986), cotton is a typical salt-tolerant non-
halophyte (Eaton 1942), and beans are typical salt-sensitive
non-halophytes (Eaton 1942; Lagerwerff and Fagle 1961).
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decrease in growth at 4.6 decisiemens per metre),
grapefruit (50% decrease in growth at 4.9
decisiemens per metre), and peach (50% decrease
in growth at 4.1 decisiemens per metre) (calculated
from Maas 1986).

The 1950s, 1960s and 1970s were a fruitful period for
investigations of salt tolerance in the United States. Led
by scientists at the US Salinity Laboratory at Riverside
in California, attempts were made to determine the salt
tolerance of most of America's major crop plants. In
many of these experiments, the crops were grown in
irrigated sand culture — that is, in deep columns of
sand frequently irrigated with saline nutrient solutions.
In this way, the researchers were able to precisely
define the salt concentrations around the roots of the
plants. However, it is important to note that in these
investigations the plants were not waterlogged.

The results of this enormous body of work were
summarised in a famous paper by Maas and Hoffman
(1977)". These two scientists suggested that the
growth response of a plant species to increasing salinity
could be summarised in terms of a ‘bent stick’” growth
curve (Fig. 4.2). They suggested that:

15 20 25 30

Flectrical conductivity, EC (dS/m)

Figure 4.2. Response of the relative yield of cotton to increasing soil
salinity (electrical conductivity of the soil saturation extract or EC.).

1 The aagon theme of the paper were republished in Maas 19801
This sccond paper alsa included outcomes from more recent

ro~crch,



e comparisons were easily made between species if
growth was expressed as relative yield (i.c. yield as a
percentage of what it would be with zero salt)
rather than as absolute yield (tonnes per hectare);

o for most plants, there is no real change in relative yield
as soif salinity increases until a critical salinity threshold
is reached. Thereafter, relative yield decreases at a
constant rate per unit increase in soil salinity; and

* the response of relative yield to salinity can be defined
in terms of the ‘threshold’, and the ‘slope’ of the
relative yield response to salinities higher than threshold.

In Figure 4.2, we have graphed the relationship between
the relative yield of cotton and soil salinity (expressed here
as the electrical conductivity of the soil saturation extract
in decisiemens per metre). According to Maas and
Hoffman, cotton has a threshold of 7.7 decisiemens per
metre, and a slope of 5.2% per decisiemen per metre.

Using this kind of analysis, Maas and Hoffman defined
categories of relative yield response curves (Fig. 4.3).
Based on their relative yield response curves, plant
species were categorised as being ‘sensitive’, ‘moderately
sensitive’, ‘moderately tolerant' or ‘tolerant’ to salinity.
We can see that the curve for cotton (reproduced from
Fig. 4.2) actually falls into the ‘tolerant’ region of Figure
4.3. Cotton was therefore classified by Maas and
Hoffman as being ‘tolerant’ to salinity.

P _.._.T__\
RN
~
~
B ‘ ~
3 \\
5 ~
E L
s 50
<
N
g .
ks
L8]
e«
0
0 5 10 15

These categories of salt tolerance in crops can be
compared with the soil salinity classes previously shown
in Table 3.2. Figure 4.4 puts the information from the
plant categories and soil classes into a single graph,
which shows that:

* on salt-free soils, there may be some reductions in
the growth of the most salt 'sensitive’ crops but
there is little inhibition in the growth of crops of
greater tolerance;

e on slightly saline soils, there are substantial
reductions in the growth of salt 'sensitive’ crops,
some reductions in the growth of 'moderately
sensitive’ crops, but little inhibition in the growth of
crops of greater tolerance;

¢ on moderately saline soils there are substantial
reductions in ‘moderately tolerant’ crops and some
reductions in 'tolerant’ crops; and

¢ on strongly saline soils there are substantial
reductions in ‘tolerant’ crops.

Based on these analyses, Maas and Hoffman categorised
the salt tolerance of over 150 different plant species of
agricultural significance, some of which are listed in Table
4.1. However, it should be remembered that for saline
soils in Pakistan, these assessments only indicate the
maximum possible levels of relative growth in saline
soils. Actual growth may be substantially decreased by
the salt-waterlogging interaction (discussed below).

N Tolerant
~
~
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Figure 4.3. Divisions for classifying crop tolerance to salinity (EC,.) along with the relative
yield response curve for cotton (dotted line from Fig. 4.2) (Maas and Hoffman 1977).
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Figure 4.4. Comparison of sojl salinity categories (1able 3.2) with the
crop tolerance categories of Maas and Hoffman (Fig. 4.3).

All plants filter out salt at the root surface in order to
survive?. This filtering process is metabolically expensive
and requires a great deal of energy® Any 1 tor that
decreases the efficiency of this filtering process can
affect plant growth and survival (Photo 4.1).

The most important effect of waterlogging is to

decrease the availability of oxygen in the soil*. This lack Y TN 7 S S TR Itand o i
of oxygen aimast completely stops production of near i am a. (PHCOTOGRAPH: Ry IREIT-LENM . ]
energy from the breakdown of sugars, which has a

variety of effects on plants (Grable 1966; Drew 1983;

McFarlane et al. 1989). Most significantly, under saline lahle 1. 7and 4% shavawum' .0 mpl fom
conditions, waterlogging inhibits the ability of roots to the  dd o0 bt atoatue whe cop plants, e
screen out salt at the root surface; there are theretore and sh.ihs have 5 o onoa v ersalin ., and
large increases in salt uptake and in salt concentrations saline/w. rler ¢ snditions. Itis iy attn W
in the shoots (Barrett—Lennard 1986). that v tﬂr’l(ggiln pe T I une nte o 71 odic
2 We can get some idar of the etficiencs or dhis process by - woor boac 7 v her
comparing the concentration of salt in the  terr I mediur with plar il . oG e T o e
that in the xylem sap fthe thuid which tHlovs reonn dhe roos to the 5B | | Cal doe e N
leaves  see review by Munns etal 1987 Tor plants withont «alt ot Y 0 W ol o
eland: toe concentrations ot chloride in the xyler sap are about T RN he G oo ot D
0.7 y ol the concentrations in the ¢ ternal medium; thus the il The o of Blorid. | bl a1
roots of these plants filter out 93-99.8  of the salcfrom the .
water. For plants with saltsecrcting glands on the anrtace of the
) 0 . Lo PO o d? wo o Tu o Un woerthron no o
leaves, the file oy process need novbe quite s et “ienc For [ . S
these plants, the concentrations ot chloride in the svlen, - than - ren S L



Tolerant

All- M e Puccinellia airoides .. ... ....... ... .. . .forage grass
, US et Asparagus officinalis .. ... ... .0 oo L. vegelable
.................................. Hordeum vulgare . ...... ... .. ..., ..grain
e ..Cynodon dactylon .. ........ ... ... ... ... furage grass
LN Gossypium hirsutum ... ... oo L fibre crop
L Phoenix dactylifera . ............. ... ... .. fruit tree
F e Diplachne fusca ....... .. ... ... ... .. .... forage grass
Leoowingst oo Eucalyptus camaldulensis .. ....... ... .. .... fuelwood, timber
Tuort Distichlis stricta .. ......... ... ... ... .. .. forage grass
e Beta vulgaris .. ... ... ... ... ... .. . .tuber
W ,omidwarf Lo Triticurm aestivurm ... ... L L grain
WL rass, fairway crested . ..o oL Agropyron cristatu + ... ... .0 L. . .furage grass
Wheatgrass, tall ... .o o Elytrigia elongata . ... ....... ... .. ... ... .. forage grass
Wildrye, Altai ... Leymus angustus ... ... ... .. .. ... forage grass
Moderately tolerant
Barley, forr oo o Hordeum vulgare ... ... ... . ... .. ... ... forage crop
B hoot ... Betavulgaris .. ....... ... .. . ... .. .vegetable
P Ficuscarica ... ....... ... ... .. ... fruit tree
GUar .. Cyamopsis tetragonoloba .. ........ ... ... grain for gum, forage,
green manure
Jlube . o Zi iphusjujuba . ... o 0 0 fruit tree
Crll Avenasativa ........ ... .. . ¢ ain
Papaya ......... ... ... Carica papaya . .............. ...... . fruit tree
Pome ranate . ... ... ... ... . ... L .Punica granatem ... .. ... o L. fruit tree
Rape ... ... .. . Brassicanapus ... . oL oil seed
Rhodes grass . ... .. . ... ... .. . ... Chloris gayana . ............... .. . ....... forage grass
Rye . e e Secale cereale . ........ ... .. .. ... ... .. grain
Safflower . ... ... Carthamus tinctorius .. ... ... .. ... ... .. oil seed
Sorghum .. ... Sorghum bicolor . ......... . .. ... ... forage, grain
Soybean . ... Glycinemax .. ........ ... ... ... .. .... oil seed, pulse
Sudangrass . ... Sorghum s, danense ... ....... . ... ... ... .. forage grass
Trefoil, broadleaf birdsfoot .. ... ... .. ... ... ... Lotus corniculatus arvenis ... ... .. ... .. .. .. forage
Trefoil, narrowleaf birdsfoot .. ... . ... ... ... ... . ... Lotus corniculatus tenuifolium .. .. ... ... .. .. forage
Wheat, forage . ... ... ... Triticum aestivum .. ... ... L. forage crop
Wheatgrass, standard crested .. ... ... ... A ropyron sibiricum Lo forage grass
Wildrye, beardless .. .. .. ... oo L Elymus triticoides ... ... .. . ... forage grass
“lodera zly sensitive
Alfalfa, lucerne .. ... ..o o Medicago sativa ... ......... ... .. ... forage legume
wroccoli oL L . .Brassica oleracea botrytis .. ... .. ... ... ... .. vegetable
Cabbage . .... ... ... ..o Brassica oleracea capitata . ... ........... ... vegetable
Capsicum ... C.Capsicum annuum Lo oo vegetable
Cauliflower .. ... . oL 0 o Brassica oleracea botrytis . ....... .. ... ... .. vegetable
Celery . ... Apium graveolens .. ..... .. ... .. ... .. ... vegetable
Cloverberseem .. ... .. .. Trifolium alexandrinum .. ... ... ... ... .. forage legume
COrn . e Z8aMays .. ... ... vegetable, grain, forage
Cucumber . ... ... .0 L Cucumis sativus .. ... ... .. vegetable



Moderately sensi.ive (continued)

Eggplant . ... .. Solanum melongena esculentum . ...... ... .. vegetable
Grape . ... Vitussp. .. ... fruiting vine
Kale .. Brassica oleracea acephala ... ..... ... ... .. vegetable, forage
Lettuce ... ... o lactucasativa ........... ... ... ... ..., vegetable
Muskmelon ... .. Cucumismelo . .......... ... ... ... ..... vegetable
Oats .. ... Avenasativa ............. ... .. ... ... ... forage crop
Peanut . ... .. Arachis hypogaca .. ...................... groundnut
Potato ... .. Solanum tuberosum . ...... ... .. .. 0. tuber
Pumpkin .. .. ... Cucurbitapepopepo . ..... .. ... .. ... ... vegetable
Radish .. ... . Paphanus sativus ........... .. ... ... . ... vegetable
Rye, forage ......... ... ... .. ... ... .l Secale cereale . ..... ... .. .. ... ... . ... .. forage crop
Sesbania .. ...... ... ... ... Sesbaniaexaltata . ..................... .. forage crop
Shisham® ... ... ... .. Dalbergia sissoo . ............... ... ...... timber tree
Spinach . ... ... ... Spinaciaoleracea ...... ... ... ... ... ...... vegetable
Sugarcane . ... ... Saccharum officinarum ... ... ... .. ... grass crop
Sunflower .. ... .. Helianthus annuus . ... ... ... ... .. ... oil seed
Sweetpotato ........ ... ... .. ... ol Ipomoea batatas .. ... ... . ... . ... .. ... tuber
Tomato ... Lycopersicon esculentum . ... . ... .. ... ... vegetable
Trefoil, big ... ... Lotus uliginosus . ......... .. .. ... .. .. . ... forage
Tumip .o Brassicarapa .............. .. ... .. .. .... tuber
Watermelon . ........ ... Citrutlus lanatus .. ....... ... ... ......... vegetable
Sensitive
Almond ... Prunisdulcis .. ... . ... ... . ... ... . . ... fruit tree
Apple ... Malus sylvestris . .......... ... ... ... ... fruit tree
Apricot ... . L Prunus armeniaca ... ....... ... ... .. ... .. fruit tree
Bean . ... .. Phaseolus vulgaris ... ... .. ... ... ... . ... vegetable, pulse
Carrot .. ... Daucuscarota ........... ... ... .. ... ... vegetable
Cherry, sweet . ... ... ... .. . . Prunus avium .. ... .. ... .. fruit tree
Grapefruit ... ... ... Citrus paradisi . .......... ... ... ........ fruit tree
Lemon ... .. Citrus limon ... ... ... ... . ... .. ... .. fruit tree
Lime .. Citrus aurantiifolia .. ..................... fruit tree
Loquat ... ... . Eriobotrya japonica . .......... .. ... .. .... fruit tree
Mango .. ... Mangiferaindica ........ ... .. ... ... .. .. fruit tree
OKra .. ..o Abelmoschus esculentus . .......... ... .. .. vegetable
ONION . ..o e Alliumcepa .. .......... ... ... .. ... .. .. vegetable
Orange . . . oot Citrus sinensis . ............ ... ... .. .... fruit tree
PEA . . Pisum sativum .. ... ... .. L vegetable
Peach .. ... .. . . Prunus persica . ............ . .. ... .. ..... fruit tree
Pear .. .. Pyrus communis . ......... ... . fruit tree
Persimmon . ... ... . Diospyros virginiana ... ............ ...... fruit tree
Plum .o Prunus domestica .. ......... . ... ... ... ... fruit tree
Rice .. . Oryzasativa ............................ grain
SESAME . . ot Sesamum indicum . ... ... . . 0 . oil seed
a Unless otherw ¢ indin ated, these classitications hav @ been adversely affected by salt—waterlogging interactions. Qur
reproduced from Maas | . 986 , ‘lables 2 and 3 listing of the species as tolerant is based on the responses of

b We arc aware of stadies that suggest that Eucalyptus camaldulensis seedlings under glasshouse conditions 1 Sands 1951)

has substantially lower levels of salt tolerance in the field (e.g. ¢ This assessment is for establishing trees (see Singh et al. 1996)

Marcar ct al. 1994 . Growth in such cases may have been



Barley (Hordeum vulgare) Shoot 14 12.5 39 23 John et al. (1977)b«

Bean (Phaseolus vulgaris) Leaves 9 4 55 555 West and Taylor
(1980a)de

Rice (Oryza sativa) Shoot 17 8 26 17 John et al. (1977)4¢

Sunflower (Helianthus annuus) Leaves 10 15 395 1045 Kriedemann and Sands
(1984)3f

Tobacco (Nicotiana tabaccum) Leaves 10 9 101 435 West and Black
(1978)8h

Tomato (Lycopersicon esculentum) Leaves 15 9 191 172 West and Taylor (1980b)

Three different
temperature regimes
were reported in this
paper. The data reported
here are for 20°C& "

Wheat (Triticum aestivum)

cultivar Gamenya Shoot 7 12 52 77 Barrett-Lennard
(1986)b-c

cultivar Lyp-90 Leaves 42 11 53 230 Akhtar et al. (1994)1
cultivar SARC-1 Leaves 42 1 1 323 Akhtar et al. (1994)+i
cultivar 7-Cerros Leaves 42 11 40 577 Akhtar et al. (1994)"
cultivar Pato Leaves 42 11 2 513 Akhtar et al. (1994)
cultivar Pb-85 Leaves 42 1 18 380 Akhtar et al. (1994)1
cultivar Tchere Leaves 42 11 41 482 Akhtar et al. (1994)"
cultivar Blue Silver Leaves 42 11 57 436 Akhtar et al. (1994)"
cultivar LU-26S Leaves 42 11 12 500 Akhtar et al. (1994)%
cultivar Chinese Spring Leaves 42 1 -16 521 Akhtar et al. (19941

a Where appropriate, salt concentrations have been converted to clectrical conductivities assuming that a solution of
10 mM NaCl has an EC o1 [ decisiemen per metre (ct. Richards 1954

b Plants were grown in sand cultures irrigated with nutrient solution

¢ Waterlogging was imposced by saturating the sand

d Plants were grown in air-bubbled nutrient solutions

¢ Waterlogging was simulated by bubbling solutions with nitrogen gas

t Waterlogging was simulated by allowing the solutions to become stagnant
g Plants were grown in soil irrigated with nutrient solution

h Waterlogging was imposed by saturating the soil for 12 in every 24 hours
i Plants were grown in vermiculitesgravel irrigated with nutrient solution

i Whterlogging was imposed bv saturating the root medium



Boorabbin mallee
(Eucalyptus platycorys)

Comet Vale mallee

(Eucalyptus comitae-vallis}

Forest red gum (Eucalyptus tereticornis)

Goldfields blackbutt
(Eucalyptus lesouefii)

Kondinin blackbutt

(Eucalyptus kondininensis)

River red gum

(Eucalyptus camaldulensis)

River saltbush (Atriplex amnicola)

Swamp mahogany (Eucalyptus robusta)
Swamp mallet (Eucalyptus spathulata)

Swamp oak (Casuarina glauca)

Tasmanian bli~ gum
(Eucalyptus globulus)

Swamp sheoak
(Casuarina obesa)

Leaves

Leaves

Leaves

Leaves

Leaves

Leaves
Leaves

Leaves

Leaves
Leaves

Shoot

Leaves

Shoot

Leaves

77

77
25

77

77

25
77
14

25
77
84

25

84
77

42

42
10

42

42

10
42
40

10
42
up to 56

10

up to 56
42

186

236
92

146

177

100
590
108

83
75
167

79

243
86

135

157
16

91

106

119
853
59

115
133
289

130

404
184

Moezel et al. (1988) "~

Moezel et al. (1988) " d
Marcar (1993) be¢

Moezel et al. (1988) -

Moezel et al. (1988) ©

Marcar (1993) ! -
Moezel et al. (1988)

Galloway and Davidson
(1993)ef

Marcar (1993) bec
Moezel et al. (1988) be
Moezel et al. (1989)

Marcar (1993) b

Moezel et al. (1989) be
Moezel et al. (1988) b -

a Common names of trees and shrubs have been adopted trom REX-96, the Revegetation Expert System devised by Agriculture Western

Australia Greening Western Australn and the Western Australian Department of Conservation and Land Management

b I 1nts v ere grown in sand irrigated with nutrient solution

< Waterlogging was in,posed by saturating the sand

d o alt concentrations w

¢ Plants were grown in air-bul bled nutric t solutions

FWaterlogeing w s simulated by bubbling solutions with nitrogen gas

sincteased by 7 decisiemens per metre per week tor 6 weeks; Ieaves were harvested from the upper half ot the stem

¢ Salt concentrations v ere inereased as tollows: weeks 010 6 — EC increases by 7 decisiemens per metre; weeks 7 to 10 —EC 49 dS/m; weeks

i~ -7 dS n



Suntlower (Helianthus annuu.) none
13
River red gum (Eucalyptus c¢. maldulensis) none
21
Swamp mahogany (Eucalyptus robusta) none
21
Tasmanian blue gum (Eucalyptus globulus) none

21

395 1045
-9 94
100 119
30 31
83 115
4 9

79 130
-10 62

an each case salt waterlogging swress was applied aner the preacatment. For suntlowers, the plants were grown in air-bubbled nutncne

solutions. Salth. terlosging stress was apnlicd by inereasing the salinity {clectrical conductivity of the solution” to 15 decisicmens nc - metre

and allowing tie soludons to become stagnant tor 160 days Kricd mann and Sands 1984). Tor the three uee speaies th plans were grown in

san o teres irrivated with nutrient solution. | he salt waterlogging stress was imposed by inerveasing the salt concentrations iclectricnl

conductiviti ~ of the solutions to 10 dec siemens per metr - and saturating the sand to the surface tor 25 days Marcar 19931 sodium and

chloride concentr tions 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 concentrations in leaves
after the start of salt/waterlogging. 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
salt/waterlogging starts.”

The increased salt concentrations in leaves due to
salt/waterlogging interactions cause damage to leaves,

y One of the likels medhanisms is the tormation ol . renchyma’ in
roots \(‘lﬁ_'nk_i]\‘\’ﬂhl are untilled SPUCes tr channels i the roo
which enable oxyoen o diffuse inside the root o the tip.
Anatomica observadons under the microscope confirmed that in
one of the cases reported in Table Lt sunflowers previous
expostre wo waterloging did stimulawe acrenchyma tormation

Kricdemann 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 (EC.,)
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 EC,, 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 trie
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 field®.

» W know that Jiis sice was \Ul\icu LO Water e s the
authors vsed the presence of waterlogging to just v the
discarding of some a o alous pla cmeasurements Richards
ctal 1987, p. 280 .
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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
FC,, values of 2 decisiemens per metre. (C) Plants grown with
EC,, values of 12 decisiemens per metre (Barrett-Lennard and
Malcolm 7995, p. 12). [PHOTOGRAPHS: S. EYRES]

Maas & Hoffman

Field observations

Yield (% maximum)
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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 (EC,, 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.

About two decades ago, one of the world's famous
plant physiologists assembled a research team to breed
cereals for salt tolerance®. The strategy was to: (a)
screen a wide variety of cereal germplasm 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 tound within Casiaring species
Moczel et al. 1989,

8 We reter to Emanucl | pstein and a series of papers appearing
trom this group in the late 19705 and carly 19804 Epstein and
Norlvn 1077, Epstein et al. 19800





