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Abstract

Salttolerance of wheat is known to change with growth stage. Identifying the multiple parameters associated with salt tolerance
during different growth stages is important for evaluating wheat genotypes and improving their salt tolerance. Thirteen wheat
genotypes from Egypt, Germany, Australia and India were grown in soil and exposed to four salinity levels (control, 50, 100
and 150 mM NacCl). Tiller number, leaf number and leaf area per plant at vegetative stage; dry weight per plant at vegetative,
reproductive and maturity stages; and yield components of main spike and total grain yield at maturity were determined. The
results showed that tiller number was affected more by salinity than leaf number and leaf area at the vegetative stage. Salinity
decreased dry weight per plant significantly at all growth stages. Spikelet number on the main stem decreased much more with
salinity than spike length, grain number and 1000-grain weight at maturity. According to cluster analysis with multiple agronomic
parameters at all growth stages, the Egyptian genotypes Sakha 8 and Sakha 93 and the Indian genotype Kharchia were ranked a
the most tolerant to salinity. A change in salt tolerance with growth stages was observed for Sids 1, Gemmeza 7 and Westonia.
Drysdale and Sakha 69 were ranked as moderate tolerant. The remaining genotypes showed the lowest tolerance to salinity at
all growth stages. We conclude that an increase in tiller number per plant and spikelet number per spike will improve the salt
tolerance of wheat genotypes in breeding programs. Cluster analysis with multiple agronomic parameters simultaneously to
evaluate the salt tolerance facilitates the rankings of salt tolerance of wheat genotypes.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction 7% of the world's total land areaFlowers et al.,
1997. The percentage of cultivated land affected by
Salinity is one of the major factors reducing plant salt is even greater, with 23% of the cultivated land
growth and productivity worldwide, and affects about being saline and 20% of the irrigated land suffer-
ing from secondary salinization. Furthermore, there is
"+ Corresponding author. Tel+49-8161-713394; also a Qangerous trend of a 10% per year jncrease in
fax: +49-8161-714500. the saline area throughout the worklophnamieruma,
E-mail address: hu@wzw.tum.de (Y. Hu). 1984. Egypt is one of the countries that suffer from

1161-0301/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.eja.2004.03.002



244 SE. El-Hendawy et al. / Europ. J. Agronomy 22 (2005) 243-253

severe salinity problems. For example, 33% of the has already been realized by using multiple agronomic

cultivated land, which comprises only 3% of total parameters simultaneously at different growth stages

land area in Egypt, is already salinized due to low (Shannon, 1997; Zeng et al., 2Q02An appropriate

precipitation &25mM annual rainfall) and irrigation  statistical method is needed to analyse multiple agro-

with saline water Ghassemi et al., 1995Wheat is nomic parameters simultaneously to facilitate ranking

the most important and widely adapted food cereal genotypes for salt tolerancgdéng et al., 200R Clus-

in Egypt. However, Egypt supplies only 40% of its ter analysis is commonly used multivariate statistic

annual domestic demand for whe&afam, 200 that has been suggested for comparisons of genotypes

Therefore, it is necessary to increase wheat production means byJollife et al. (1989) However, multivariate

in Egypt by raising the wheat grain yield. Obviously, analysis in the screening of genotypes for salt toler-

the most efficient way to increase wheat yield in EQypt ance has been applied only in potatth(ais et al.,

is to improve the salt tolerance of wheat genotypes 1988 and rice Zeng et al., 200R

(Epstein et al., 1980; Shannon, 1997; Pervaiz et al., The objectives of this study were to identify the rel-

2002 because increasing the salt tolerance of wheat ative importance of agronomic parameters associated

is much less expensive for poor farmers in developing with salt tolerance, to screen the different wheat geno-

countries than using other management practices (e.g.types for their salt tolerance at different growth stages

leaching salt from the soil surface etQureshi and from different regions of Egypt using the most salt tol-

Barrett-Lennard, 1998 erant wheat genotypes from India as a reference, and
Salt tolerance of crops may vary with their growth to rank salt tolerance by using multivariate analysis

stage Mass and Grieve, 1994 In general, cereal of multiple agronomic parameters at different growth

plants are the most sensitive to salinity during the stages.

vegetative and early reproductive stages, and less

sensitive during flowering and during the grain filling

stage Mass and Poss, 1989However, a difference 2. Materials and methods

in the salt tolerance among genotypes may also oc-

cur at different growth stage<Zeng et al. (2002) 2.1. Plant materials

reported that various responses of different rice geno-

types to salt tolerance exist at different growth stages.  Thirteen varieties of spring wheafr{ticum aes-

Similarly, Kingsbury and Epstein (1984pund that tivum L.) from different countries were used in this

individual lines from 5000 accessions of spring wheat study. Eight varieties (Sakha 8, Sakha 93, Sakha 61,

showed differing tolerance during their life cycle. Sakha 69, Giza 168, Sids 1, Sahel 1 and Gemmeza 7)

Therefore, the salt tolerance of different wheat geno- were obtained from the Agricultural Research Centre

types must be evaluated at different growth stages. in Giza, Egypt. Sakha 8 and Sakha 93 are usually cul-

Such evaluations may facilitate improvement of salt tivated in saline areas in Egypt. Of the remaining va-

tolerance of tested genotypes in breeding programsrieties, Thassos and Triso were from Germany, West-

or it may prove feasible to irrigate with saline water onia and Drysdale were from Australia, and Kharchia

during the more tolerant growth stages and with low was from India.

salinity water only during the sensitive growth stages.  Kharchia is the most tolerant wheat genotype, and
Improving salt tolerance of wheat genotypes has is used as a standard for the salt tolerance test of wheat

been inhibited by a number of factors, such as the lack worldwide (Sharma et al., 1994; Ashraf, 2002

of effective evaluation methods for salt tolerance to

screen the genotypes in breeding programs, low se-2.2. Growth conditions

lection efficiency using overall agronomic parameters,

and a complex phenomenon involving morphologi- This study was carried out in greenhouse from the

cal, physiological and biochemical parameters among middle of March to the middle of August 2002. The air

genotypes £eng et al., 2002 Compared with con-  temperature ranged from 23 to 28 during the day

ventional techniques that score and rank salt toleranceand 15 to 18C during the night. Relative humidity

genotypes based on single parameter, some succesfiuctuated between 45 and 85% at day/night.
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Loamy soil was collected from the soil surface recorded. Leafareawas measured by using an LI-3000
(0-15cm). The soil was air-dried, ground, passed Area Meter (LI-COR, Walz Co., Oregon, USA). Af-
through a 5mm mesh screen, and thoroughly mixed. ter the fresh weight (FW) was determined, the sam-
The soil consisted of 23% clay, 48% silt and 29% ples were dried at 65C for 48 h to determine the dry
sand, and the organic matter content was 1.66%. Theweight (DW).

initially air-dried soil with 9% gravimetric water con- At 60 and 75 days after sowing, when plants were in
tent was filled layer-wise in four layers in 7-1 pots the reproductive stage, three plants from each pot were
without a leaching possibility. harvested. Plants were separated into leaves, stems and

Four salt levels (control (no added NaCl), 50, 100 spikes. FW and DW determined as above.
and 150 mM NacCl) in the soil were applied. The salin-  Grain maturity was visually estimated according to
ity levels of 50, 100 and 150 mM NaCl in soil solu- the complete loss of green colour from grumes. At
tion were equivalent to an electrical conductivity of grain maturity, five plants from each pot were har-
8, 13, and 17dS m', respectively, which were mea- vested. Main spikes were separated from the other
sured at the beginning of the experiment. During the spikes of the plants, and the spike length and spikelet
period of the experiment, the electrical conductivity number were recorded. Ears were threshed. Plant ma-
at each salinity level slightly decreased due to the up- terial was then dried at 6% for 48 h for the determi-
take of salt by plants. At the end of the experiment, nation of DW. The grain number and thousand-grain
an electrical conductivity was changed to 5.2, 10, and weight (TGW) were also determined.
14 dS 1, respectively. The final water content (25%
on dry soil basis) was achieved by adding tap wa- 2.4. Ranking of genotypes for salt tolerance
ter or salt solution to each layer. To avoid an osmotic
shock for seedling emergence, however, the topmost Following Zeng et al. (2002)all the data were
soil layer was not salinized until 10 days after sowing. converted to salt tolerance indices before cluster anal-
Twenty-five seeds were sown in each pot. One week ysis to allow comparisons among genotypes for salt
after sowing, the seedlings were thinned to twenty per tolerance by using multiple agronomic parameters. A
pot. salt tolerance index was defined as the observation at

The N, P and K were initially applied as 0.2g salinity divided by the average of the controls. Clus-
NH4NO3 and as 0.2g KpHPOy per pot. The same  ter group ranking numbers can be assigned to cluster
amount of N, P and K was applied another three times groups based on cluster means, and were used to score
at 20, 40 and 60 days after sowing. During the exper- genotypes. Cluster analysis followed the methods de-
iment, the pots were weighed daily and the water loss scribed byJollife et al. (1989)Cluster group rankings
was replaced by adding tap water when total amount were obtained based on Ward’'s minimum variance
of water lost was around 200 g for plants to avoid suf- cluster analysis of the averages of the salt tolerance
fering either drought or flooding. All treatments were indices for three parameters at vegetative stage (i.e.

replicated four times. tiller number, leaf number and leaf area per plant) and
four parameters at maturity stage (i.e. spike length
2.3. Sampling strategy and spikelet number for main spike, grain number

and 1000-grain weight). Cluster group rankings were
Salt tolerance of crops may vary with their growth obtained based on Single-Link cluster analysis of the
stage Mass and Grieve, 1994Therefore, the mea- means of the salt tolerance indices for total dry weight
surements were carried out at vegetative, reproductive per plant. All procedures are described fully in the
and grain maturity stages. JMP User’s Guide AS Institute, 200D The clus-
Measurements at the vegetative stage were con-ter group rankings were obtained from the average
ducted at 45 days after sowing. Three plants from of means of the multiple parameters in each cluster
each pot were harvested and separated into leaves angjroup. A sum was obtained by adding the number of
stems. Vegetative growth of wheat plants is character- cluster group rankings at each salt level in each geno-
ized by the tillering and leaf appearance and growth on type. The genotypes were finally ranked based on the
the tillers. Thus, the number of tillers and leaves were sums, such that those with the smallest and largest
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sums were ranked respectively as the most and least
tolerant genotypes in terms of relative salt tolerance.

2.5. Satigtical analysis of data

Data were analysed by ANOVA. According to
Snedecor and Cochran (198QSD (P = 0.05) was
used to compare genotypes means. Data were anal-
ysed using an ANOVA split design, where salinity
levels were assigned as whole plot, genotypes as sub
plots and replicates as blocks.

3. Results

Tiller number, leaf number and leaf area at vegeta-
tive stage decreased with increasing salinfig( 1).

The low salinity treatment (50 mM NaCl) reduced
these parameters to a lesser degree than moderate
(100 mM NacCl) and high salinity treatments (150 mM
NaCl). At 50, 100 and 150 mM NacCl, for example,
tiller number was reduced by 22, 28 and 37.5%, leaf
number was reduced by 6, 19 and 28% and leaf area
was reduced by 8, 19 and 28%, respectively, as com-
pared with the control treatmerfify. 1).

At vegetative stage, the relative salt tolerance in-
dices for all the measured parameters varied among
genotypesTable ). The salt tolerance indices of tiller
number ranged from 0.42 to 1.00 at low salinity and
from 0.25 to 0.88 at high salinity among genotypes.
However, the salt tolerance indices ranged from 0.86
to 1.09 for leaf number and from 0.85 to 0.99 for leaf
area at low salinity and from 0.44 to 0.88 for leaf
number and from 0.57 to 0.90 for leaf area at high
salinity. The results at the vegetative stage showed that
Kharchia, Sakha 8 and Sakha 93 were affected the
least by increasing salinity. For instance, tiller num-
ber, leaf number and leaf area at 150 mM NaCl were
decreased by 25, 14 and 15% for Kharchia, 12, 18
and 14% for Sakha 8 and 16, 18 and 10% for Sakha

Leaf area per plant (cmz)

Leaf number per plant

Tiller number per plant

250

200 §

150 ¢

100 ¢

n
<
T

Control

50 mM NaCl
100 mM NaCl
150 mM NaCl

Genotypes

93, respectively, as compared with the control. How- Fig. 1. Effect of different salinity levels on plant growth parameters
ever, tiller number, leaf number and leaf area per plant (tiller number, leaf number and leaf area per plant) at day 45 for

for Sakha 61, Giza 168, Sids 1, Sahel 1, Gemmeza
7, Thassos, Triso and Westoniaid. 1), which were

different wheat genotypes. Error bars represent standard deviations.
Error bars fit within the plot symbol if not shown.

the most sensitive to salinity, decreased by an aver- were divided into four cluster groups at low and mod-
age of 50, 34 and 35% at 150 mM NacCl, respectively. erate salinity and five cluster groups at high salinity
To rank the salt tolerance of genotypes at the vege- by using Ward’'s minimum variance cluster analysis
tative stage based on multiple parameters, genotypes(Table 2. At the vegetative stage, Kharchia, Sakha 8
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Table 1
Salt tolerance indices of agronomic parameters in wheat genotypes under different salinity levels at different growth stages

Genotypes  Salinity Tiller Leaf Leaf Total Total Total Total Spike Spikelet Grain 1000-grain Grain

levels number number area at biomass biomass biomass biomass length number number weight yield
(mM atday atday day45 atday atday atday atfinal
NacCl) 45 45 45 60 75 harvest
Kharchia 50 1.00 0.92 0.99 0.97 0.89 0.67 0.88 091 0.99 1.00 0.95 0.94
100 0.89 0.86 0.90 0.93 0.88 0.67 0.82 0.88 0.96 0.91 0.94 0.91
150 0.75 0.86 0.85 0.90 0.81 0.59 0.69 0.86 0.90 0.87 0.94 0.83
Sakha 8 50 0.97 1.01 0.93 0.90 0.89 0.70 0.90 0.90 0.98 1.03 1.00 0.92
100 0.93 0.95 0.91 0.88 0.81 0.60 0.79 0.84 0.86 0.89 0.99 0.82
150 0.88 0.82 0.86 0.86 0.74 0.52 0.69 0.81 0.83 0.88 0.97 0.75
Sakha 93 50 0.86 0.88 0.94 0.98 0.92 0.73 0.80 0.90 0.98 1.01 0.94 0.94
100 0.89 0.88 0.91 0.92 0.83 0.56 0.77 0.87 0.84 0.95 0.96 0.89
150 0.84 0.82 0.90 0.83 0.80 0.51 0.68 0.84 0.79 0.84 0.92 0.77
Sakha 69 50 0.99 0.95 0.96 0.86 0.79 0.62 0.73 0.87 094 0.94 0.88 0.96
100 0.93 0.84 0.84 0.92 0.62 0.40 0.53 0.80 0.67 0.83 0.92 0.64
150 0.87 0.84 0.84 0.84 0.51 0.34 0.51 0.75 0.65 0.77 0.80 0.58
Drysdale 50 0.94 0.91 0.90 0.86 0.73 0.66 0.78 0.89 093 0.93 0.99 0.84
100 0.98 0.78 0.90 0.92 0.63 0.45 0.71 0.77 0.70 0.85 0.97 0.61
150 0.85 0.67 0.80 0.84 0.55 0.40 0.66 0.68 0.70 0.81 0.88 0.57
Sids 1 50 0.42 0.84 0.85 0.86 0.69 0.54 0.84 0.92 0.99 1.02 0.95 0.86
100 0.36 0.71 0.70 0.86 0.51 0.40 0.59 0.83 0.64 0.75 0.86 0.53
150 0.36 0.70 0.71 0.79 0.43 0.35 0.57 0.74 0.64 0.76 0.73 0.48
Gemmeza 7 50 0.82 0.92 0.88 1.00 0.66 0.56 0.74 0.93 1.04 1.10 0.91 0.87
100 0.60 0.73 0.73 0.81 0.48 0.47 0.59 0.80 0.62 0.83 0.83 0.58
150 0.60 0.74 0.68 0.76 0.43 0.38 0.55 0.71 0.64 0.84 0.69 0.50
Giza 168 50 0.57 0.86 0.90 0.85 0.62 0.57 0.70 0.85 0.89 0.98 0.87 0.75
100 0.56 0.84 0.83 0.86 0.49 0.37 0.60 0.70  0.57 0.79 0.86 0.51
150 0.42 0.56 0.62 0.68 0.36 0.29 0.52 0.68 051 0.72 0.69 0.37
Sahel 1 50 0.75 1.09 0.84 0.89 0.65 0.50 0.68 094 094 0.90 0.88 0.67
100 0.59 0.78 0.76 0.80 0.58 0.36 0.54 0.74 0.62 0.82 0.87 0.49
150 0.36 0.62 0.57 0.65 0.51 0.31 0.44 0.67 0.52 0.74 0.70 0.33
Thassos 50 0.71 0.97 1.01 0.85 0.65 0.50 0.72 091 0091 0.98 0.92 0.74
100 0.69 0.83 0.77 0.72 0.51 0.42 0.50 0.74  0.59 0.81 0.82 0.47
150 0.66 0.77 0.62 0.69 0.40 0.27 0.39 0.71 0.57 0.80 0.71 0.42
Triso 50 0.67 0.94 0.90 0.78 0.66 0.48 0.72 0.86 0.87 0.92 0.94 0.73
100 0.65 0.85 0.67 0.73 0.59 0.37 0.57 0.74 051 0.74 0.81 0.41
150 0.63 0.76 0.70 0.67 0.41 0.24 0.47 0.59 0.49 0.71 0.65 0.33
Westonia 50 0.78 0.95 0.95 0.85 0.62 0.58 0.73 0.86 0.90 1.07 0.95 0.83
100 0.67 0.70 0.75 0.80 0.49 0.40 0.42 0.78 0.59 0.78 0.91 0.38
150 0.67 0.73 0.67 0.70 0.34 0.28 0.40 0.70  0.60 0.74 0.64 0.33
Sakha 61 50 0.68 0.96 0.85 0.86 0.57 0.51 0.59 0.84 094 0.91 0.81 0.61
100 0.59 0.73 0.78 0.78 0.45 0.34 0.40 0.74 061 0.69 0.64 0.39
150 0.25 0.44 0.60 0.70 0.40 0.25 0.37 0.69 0.60 0.67 0.53 0.38

and Sakha 93 were ranked at the top for salt tolerance.was measured at 45, 60 and 75 days after sowing and at
By contrast, Sids 1 and Sakha 61 were ranked as thefinal harvest. The average biomass of the 13 genotypes
most sensitive. at 150 mM NaCl was decreased by 23, 49, 64 and 47%
To determine the variation of salt tolerance at differ- at 45, 60 and 75 days after sowing and at final harvest,
ent growth stages, the above-ground biomass per plantrespectively Fig. 2). The averaged indices of biomass
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Fig. 2. Effect of different salinity levels on total dry weight per plant at 45, 60 and 75 days after sowing and at final harvest for different
wheat genotypes. Error bars represent standard deviations. Error bars fit within the plot symbol if not shown.

from all varieties at 50 mM NaCl ranged from 0.78 to The biomass indices for Kharchia, Sakha 8 and Sakha
1.00, from 0.57 to 0.92, from 0.48 to 0.73 and from 93 were about two times greater than those for Sakha
0.59t0 0.90 at 45, 60 and 75 days after sowing and at 61, Westonia, Thassos and Triso. Based on single-link
final harvest, respectively. At high salinity, however, cluster analysis, Kharchia was ranked as the most salt
they ranged from 0.65 to 0.90 at day 45, from 0.40 to tolerant genotype, followed by Sakha 8 and Sakha 93.
0.81 at day 60, from 0.24 to 0.59 at day 75 and from Sakha 61, Sids 1, Sahel 1 and Giza 168 were ranked
0.37 to 0.69 at final harvestdble ). The results also  as the most salt sensitive genotyp&akle 3.
show a wide variation among genotypes. For instance, At final harvest, grain yield per plant at 150 mM
the biomass at 150 mM NaCl was decreased by an av-NaCl was reduced by an average 22% for the most
erage of 14, 22, 46 and 31% for Sakha 8, Sakha 93 andtolerant genotypes, whereas it was reduced by an av-
Kharchia (the most salt tolerant genotypes), whereas erage 61% for the least tolerant genotypEgy( 3).

it was decreased by an average of 29, 59, 70 and 54%0n average, spike length and spikelet number on the
for Sakha 61, Giza 168, Sids 1, Sahel 1, Gemmeza 7, main spike, grain number and TGW at 150 mM NacCl
Thassos, Triso and Westonia at 45, 60 and 75 days af-were reduced by 16, 16, 14 and 6%, respectively, in
ter sowing and at final harvest, respectivefijg( 2). the three most tolerant genotypes (Kharchia, Sakha 8
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Fig. 3. Effect of different salinity levels on yield of main spike (spike length

total grain yield per plant for different wheat genotypes. Error bars represent standard deviations. Error bars fit within the plot symbol if

not shown.

and Sakha 93), by 31, 43, 25 and 33%, respectively, creased with increasing salinitfgble 1. The varia-

in the least tolerant genotypeisig. 3.

tion of the indices among genotypes increased from

The salt tolerance indices of yield components of low to high salinity. For instance, salt tolerance in-
the main spike (i.e. spike length, spikelet number, grain dices for spikelet number and TGW ranged from 0.89

number and thousand grain weight (TGW)) were de- to 1.04 and from 0.81 to 1.00 at low salinity among
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Table 2

Rankings of genotypes for their relative salt tolerance in terms
of plant growth parameters (i.e. number of tiller, number of leaf
and leaf area per plant) at day 45 in a cluster analysis (Ward’s
minimum variance analysis)
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Table 4

Rankings of genotypes for their relative salt tolerance in terms of
yield components of main spike (i.e. spike length, spikelet and
grain numbers and 1000-grain weight) in a cluster analysis (Ward’s
minimum variance analysis)

Genotypes Salinity levels Sum Genotype Tolerance Genotypes Salinity levels Sum Genotype Tolerance

(mM NacCl) ranking degree (mM NaCl) ranking degree

50 100 150 50 100 150
Kharchia 1 1 1 3 1 Tolerant Kharchia 1 1 1 3 1 Tolerant
Sakha 8 1 1 1 3 1 Tolerant Sakha 8 1 1 1 3 1 Tolerant
Sakha 93 1 1 1 3 1 Tolerant Sakha 93 1 1 1 3 1 Tolerant
Sakha 69 1 2 1 4 2 Tolerant Drysdale 2 2 2 6 2 Tolerant
Drysdale 2 2 2 6 3 Moderate Sakha 69 2 2 2 6 2 Tolerant
Thassos 2 3 3 8 4 Moderate Sids 1 1 3 3 7 3 Moderate
Westonia 2 3 3 8 4 Moderate Gemmeza7 1 3 3 7 3 Moderate
Triso 3 3 3 9 5 Moderate Thassos 2 3 4 9 4 Moderate
Gemmeza7 3 4 3 10 6 Sensitive Sahel 1 3 4 4 11 5 Moderate
Giza 168 3 3 5 11 7 Sensitive Giza 168 3 5 4 12 6 Sensitive
Sahel 1 4 3 5 12 8 Sensitive Triso 3 4 5 12 6 Sensitive
Sids 1 4 5 4 13 9 Sensitive Westonia 3 4 5 12 6 Sensitive
Sakha 61 4 4 5 13 9 Sensitive Sakha 61 3 5 5 13 7 Sensitive

genotypes, respectively, whereas the indices rangedcluster analysis, the genotypes were divided into four

from 0.49 to 0.90 for spikelet number and from 0.53
to 0.97 for TGW at high salinityTable 1. The salt
tolerance indices at high salinity ranged from 0.59 to
0.86 for spike length and from 0.67 to 0.88 for to-
tal grain number among genotypes. According to the

Table 3

Rankings of genotypes for their relative salt tolerance in terms of
total biomass per plant at different growth stages (at day 45, 60,
70 and at final harvest) in a cluster analysis (Single-link cluster
analysis)

cluster groups at low salinity and five cluster groups at
moderate and high salinitfiéble 4. The results show
that Kharchia, Sakha 8 and Sakha 93 were ranked as
the most tolerant genotypes, whereas Giza 168, Triso,
Westonia and Sakha 61 were ranked as the least tol-
erant among all genotypes. Sakha 69 and Drysdale

Table 5

Rankings of genotypes for their relative salt tolerance in terms
of grain yield per plant in a cluster analysis (Single-link cluster
analysis)

Genotypes Salinity levels Sum Genotype Tolerance Genotypes Salinity levels Sum Genotype Tolerance

(mM NacCl) ranking degree (mM NaCl) ranking degree

50 100 150 50 100 150
Kharchia 1 1 1 3 1 Tolerant Kharchia 1 1 1 3 1 Tolerant
Sakha 8 1 2 2 5 2 Tolerant Sakha 8 1 2 2 5 2 Tolerant
Sakha 93 1 2 2 5 2 Tolerant Sakha 93 1 2 2 5 2 Tolerant
Sakha 69 2 3 3 8 3 Moderate Sakha 69 2 3 3 8 3 Moderate
Drysdale 2 3 3 8 3 Moderate Drysdale 2 3 3 8 3 Moderate
Thassos 3 4 3 10 4 Moderate Gemmeza7 2 4 4 10 4 Moderate
Westonia 3 4 4 11 5 Moderate Sids 1 2 4 4 10 4 Moderate
Triso 4 4 4 12 6 Sensitive Giza 168 3 4 5 12 5 Moderate
Gemmeza7 3 4 5 12 6 Sensitive Thassos 3 5 5 13 6 Sensitive
Giza 168 3 5 5 13 7 Sensitive Triso 3 5 5 13 6 Sensitive
Sahel 1 3 5 5 13 7 Sensitive Sahel 1 4 5 5 14 7 Sensitive
Sids 1 3 5 5 13 7 Sensitive Westonia 4 5 5 14 7 Sensitive
Sakha 61 4 5 5 14 8 Sensitive Sakha 61 4 5 5 14 7 Sensitive
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were intermediate between the most and least toleranttiller number and spikelet number, which both initi-
genotypes. ate during early growth stages, has a greater influence
The salt tolerance indices of grain yield per plant on final grain yield than on yield components in the
for Kharchia, Sakha 8 and Sakha 93 were at least later stagesNlass et al., 1983; Mass and Poss, 1989
two times greater than for Sids 1, Giza 168, Sahel 1, Among wheat genotypes, however, the salt tolerance
Thassos, Triso and Sakha 61 (the most salt sensitivealso changes at different growth stagém@sbury and
genotypes at high salinity)lable 1. Based on simul- Epstein, 1984; Ashraf and Waheed, 1993; Zeng et al.,
taneous analysis of the means of salt tolerance indices2002.
in grain yield per plant using single-linked cluster Vegetative growth of wheat plants is characterized
analysis, the genotypes were divided into four cluster by the tillering and leaf appearance and growth on
groups at low salinity and five cluster groups at moder- the tillers. At the vegetative growth stage, therefore,
ate and high salinity. Kharchia, Sakha 8 and Sakha 93 the three agronomic parameters (i.e. tiller number,
were ranked as the most tolerant genotypes and Gizaleaf number and leaf area per plant) were used to
168, Thassos, Triso, Sahel 1, Westonia and Sakha 6levaluate genotypes for salt tolerance. Generally, the
as the least tolerant among all genotyp&abie 3. values of the three agronomic parameters decreased
with increasing salinity Kig. 1). However, salt sen-
sitive genotypes showed a greater reduction in tiller
4, Discussion number (e.g. by about 41%) than tolerant ones (e.g.
by about 11%). This may indicate that tiller num-
Salt tolerance among wheat genotypes was evalu- ber and their behaviour under salinity can be used as
ated in this study using cluster analysis. As pointed simple and non-destructive measurement to evaluate
out by Khrais et al. (1988xand Zeng et al. (2002) wheat genotypes in breeding prograrNgolas et al.
the advantages of using a multivariate analysis in the (1994)found that salt stress during tiller emergence
evaluation of salt tolerance are that it allows: (a) a si- can inhibit their formation and can cause their abortion
multaneous analysis of multiple parameters to increaseat later stages. When salinity levels are greater than
the accuracy of the genotype ranking; (b) the ranking 7.5dSm? or 50mM NaCl, most of the secondary
of genotypes even when plants are evaluated at dif- tillers of moderately tolerant genotypes were elimi-
ferent salt levels and salt tolerance varies with salin- nated, and the number of primary tillers for salt sen-
ity levels, especially when the salt tolerance indices sitive wheat genotypes was greatly reducEdgene
are averaged across salt levels; and (c) a more conve-et al., 1994. Paradkis (1940found that high-tillering
nient and accurate estimation of salt tolerance among varieties of wheat had greater grain yield on poor soil
genotypes by simply adding the numbers in cluster than low-tillering ones, whereas low-tillering varieties
group ranking at different salt levels. Because there is on rich soil produced as much as or more than the
variation of salt tolerance among the agronomical pa- high-tillering ones. Therefore, increasing the salinity
rameters and also among the different growth stagestolerance in wheat may require an increase in the ca-
for wheat plants, the sensitive parameters, which can pacity of tillering (slam and Sedgley, 1931
be single or multiple parameters, must be identified The various yield components showed different
at different growth stages before using the cluster responses to salinity. The TGW was least sensitive
analysis. to salinity, whereas spikelet number was the most
Improving the grain yield of wheat is always the sensitive yield component, which is in agreement
main target in plant breeding. Therefore, the evalu- with observation in ricedeng and Shannon, 2000
ation of final grain yield and growth parameters de- Although final yield is directly determined after an-
termining grain yield is a critical aspect of breed- thesis, the grain yield can be described in terms of
ing programs. The final yield of wheat is determined components that are determined sequentially in the
by the number of spikes per plant and yield compo- course of phenological developmeriEvans et al.,
nents, such as spikelet number, grain number and grain1975. Grain number is determined during the period
weight. The number of spikes is highly correlated with of spike emergence to anthesis and grain weight is
the the number of tillers. The effect of salinity on determined between anthesis and maturity (the least
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sensitive stage in wheatKifby, 1988; Mass and ever, Kharchia shows higher yield under non-saline
Grieve, 1990; Frank et al., 19R7Because spikelets conditions. Working with appropriate breeding pro-
initiate at the vegetative stage, the negative effect of grams, which aim to increase the yield in Sakha 8
salinity on spikelet number indicates that the number and Sakha 93, may be more meaningful than work-
of spikelets per spike together with the number of ing with Kharchia. A change in salt tolerance with
tillers per plant are sensitive parameters at the veg- growth stages was observed for Sids 1, Gemmeza 7
etative stage. This suggests that evaluation for salt and Westonia. Sids 1 and Gemmeza 7 were ranked
tolerance among genotypes can be based on the geas having intermediate salt tolerance based on the pa-
netic diversity in tiller and spikelet number. Another rameters of yield components of the main spike and
advantage is that the tiller number, together with final grain yield ables 4 and  which may also re-
spikelet number, can again be used as a simple andsult from a slight decrease in the values of EC with
non-destructive measurement to evaluate large num-growing time due to the salt uptake of plant, whereas
ber of wheat genotypes in breeding programs; espe-they were ranked as having poor salt tolerance based
cially, because the two parameters can be determinedon the parameters at the vegetative stage and total DW
at early growth stages. (Tables 2 and B The opposite trend was observed in
When the developmental pattern of genotypes is so Westonia. Therefore, the results suggest that it might
different between growth stages, assessment of the ac-be possible to improve the salt tolerance of Sids 1 and
tual salt tolerance of the genotypes may be determined Gemmeza 7 for salt tolerance by increasing tillering
by comparisons of their biomass production over a ability and/or by irrigating more frequently to alleviate
long growth periodl(eland et al., 1994; Munns et al.,  soil salt stress at early growth stages. Giza 168, Triso,
2000, which therefore serve as another criterion to Thassos, Sahel 1 and Sakha 61 were more sensitive at
evaluate the salt tolerance. The results in this study all growth stages.
indicate that the ranking among genotypes for salt tol-  Furthermore, Drysdale and Sakha 69 were more
erance based on the DW per plant at different growth sensitive at moderate and high salinity levels and, to
stages was close to that based on agronomic paramebecome more tolerant at low salinity levels, it is sug-
ters at the vegetative stag&aples 2 and B This in- gested that maintaining the salinity at low levels is an
dicates that the reduction in DW was closely related important strategy for improving the growth of these
to those in tiller and leaf number and leaf aréu( two varieties. Because the Australian genotype Drys-
et al., 1997. The reduction in total biomass in the sen- dale is also drought-tolerant, Sakha 69 may possibly
sitive genotypes was probably due to the extra energy be used for drought tolerant genotypes in Egypt be-
utilization for osmotic accumulation, which is much cause both showed similar characters in this study.
more ATP-consuming for osmotic adjustmeityn In conclusion, because Kharchia, Sakha 8 and Sakha
Jones and Gorham, 19903 93 were identified as the most salt tolerant genotypes
A similar salt tolerance at different growth stages in the cluster analysis, they can be utilized through
was observed in Kharchia, Sakha 8 and Sakha 93. appropriate selection and breeding programs for fur-
The characteristics of these genotypes are more tillers,ther improvement in salt tolerance of Egyptian wheat
higher leaf number and greater leaf area compared genotypes. Because Sids 1 and Gemmeza 7 were more
with other genotypes, less effect of salinity on final sensitive to salinity at early growth stages and more
grain yield and the yield components of the main spike, tolerant at the later stages, their salt tolerance can
and the salt tolerance of these genotypes remained al-be improved by developing strategies for agronomic
most unchanged at different growth stages. Therefore, management according to the different growth stages,
these characters of salt tolerant genotypes should beindicating that the degree of salt tolerance of wheat
introduced in a cross breeding programs as an elite genotypes to salinity must be evaluated according to
salttolerance germplasm to incorporate different desir- different growth stages. When a large number of geno-
able agronomic traits. In addition, although the Indian types have to be evaluated in salt tolerance breeding by
wheat genotype, Kharchia, is the most salt tolerant using multiple agronomic parameters, cluster analysis
one, Sakha 8 and Sakha 93 have the same salt tolerantan be used to facilitate the ranking of the genotypes
characters. Compared to Sakha 8 and Sakha 93, how-or salt tolerance.
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