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ARTICLE INFO ABSTRACT

Tillering is reduced by salinity, with the primary and secondary tillers being more affected than is the
mainstem. To understand the importance of tiflering in the salt tolerance of wheat plants, two contrasting
genotypes of spring wheat (Triticum aestivum L.} were grown in a greenhouse under saline or non-saline
cenditions and were subjected te five progressive levels of detillering. Regardless of the genotype and
salinity, shoot dry weight, seed yield and seed number per plant were all significantly decreased in the
treatments where only one or twa tillers per plant remained compared with the untouched treatment
(mare than three tillers), whereas these same varizbles per tiller tended to be increased on a per tiller
{mainstem or substem tiller) basis. The increased seed vield per tiller observed with tiller reduction may
be attributed to the enhanced seed number witlin the spikelet. Under saline conditions, the reductions
in shoot dry weight, seed yield and seed number per plant for the salt-tolerant genotype Kharchia were
of a greater magnitude in the treatments where only one or two tillers per plant were present compared
with the untouched treatment, whereas the magnitude of this reduction in the sal{-sensitive genotype
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1. Introduction

Titlers are important for seed yield in wheat (Triticum aestivum
[.) as weli as in other cereals, but are also sensitive to environ-
mental stresses. In saline environments (e.g. soil salinized by the
saline water), the growth of the mainstem and substem tillers is
reduced, which usually results in the reduced seed yield. However,
to comptlicate matters, salinity affects tire growth of mainstem and
substem tiliers differentially in wheat. To improve the sait toler-
ance of wheat plants, therefore, a better understanding of these
differential effects of salinity is required,

In the plant, the early growth of substem tillers is supported
entirely with photoassimilates and nutrients from the mainstem
in wheat (Kirby et al,, 1985), Even after the anthesis, the substem
tillers are still supplied with assimilates from the flag leaf and other
leaves on the mainstem {Thorne, 1982; MacKown et al., 1989).
There is also evidence to support the existence of competition
between the mainstem and substem tillers in wheat {Mohamed
and Marshall, 1979; Martinez-Carrasce and Thorne, 1979). Com-
pared with the substem tillers, the mainstem is less susceptible
to salt stress during the period of growth (Maas et al., 1994; Hu
et al., 1897). Several hypotheses exist to explain these observa-
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tions: (1) the carbohydrate supply is reduced more by salinity in
the substem tiliers than in the mainstem, thereby inhibiting the
growth of the former to a greater degree {Grieve et al., 1992); (2)
the mainstern may retain more photosynthates for its own growth
rather than exporting source reserves to the substem tillers under
satine conditions (Thorne, 1982; Maas et al., 1994); {3) the main-
stem competes with the substen tillers to obtain more nutritional
jons to lessen nutrient deficiency and/or imbalance caused by toxic
ions (Thorne and Wood, 1987; Maas and Grieve, 1590). Recentiy,
Zeng et al, (2002} and El-Hendawy et al. (2005a) have demon-
strated that different wheat and rice genotypes exhibited various
responses to salinity according to the three agronomic variables:
tiller number, leaf nusnber and leaf area per plant. in beth wheat
and rice, the salt-sensitive genotypes accumulate harmful ions (Na*
and Cl~)in concentrations which lead to the toxicity, resulting in a
greater reduction in tiller number and biomass when compared to
the salt-tolerant genotypes that exclude toxic ions from the shoats,
These results suggest that the mainstem and substem tillers of salt-
tolerant and salt-sensitive genotypes respond differently to salinity
due to different mechanisms of tolerance of genotypes to salinity
(Zeng et al., 2002; El-Hendawy et al,, 2005a). Thus, by comparing
the growth of the mainstem and substem tillers in the contrasting
genotypes, the effects of salinity on tillering may be ctarified,
Only a few studies have investigated the relationship among
genotype, tilier and seed yield. Papadakis (1540) reported that
high-tillering genotypes have a greater potential to increase seed
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yield on poor soil conditions than do low-tillering ones. Hucl and
Baker (1991) supported this conclusien, finding that increasing the
tillering capacity of genotypes could increase seed yield in semii-
arid environments. Within a given genotype, however, Jones and
Kirby (1977) indicated that restricting tifler number of plants in
semiarid environments tended to increase seed yield compared
to free-tillering plants due to the enhanced water-use efficiency.
Benbelkacem et al. (1984) have ever observed that breeding for
high-tillering genotypes increased efficiency (i.e, added spike-
bearing tiliers) by only 36% for barley.

All the above studies investigated the relationship between tiller
number and seed yield only. No information exists about the effects
of tillering on salt tolerance and seed yield in contrasting wheat
genotypes under saline conditions. Yet, exactly this information
may be of great benefit to breeding programs designed to improve
salt tolerance in wheat. However, according to Kirby (1973), mor-
phological development was found to be similar in the artificial and
mutant uniculms in barley. Therefore, tillering was manipuiated in
the present study by artificial tilier removal, which proved to be a
superior method in the absence of isogenic lines.

The objectives of this study. therefore, were to investigate how
the tiller number affects the growth, both of the individual tiller
and of the whole wheat plant under saline conditions at different
growth stages, and to understand the impact of different tiller sum-
ber of plants on salt tolerance in two contrasting wheat genotypes.

2, Materials and methods
2.1. Plant materials and growth conditions

Thirty seeds for each of sait-tolerant genotype Kharchia and
salt-sensitive genotype Sakha 61 (El-Hendawy et al., 20053) were
germinated at rcom teraperature for 2 days, and then were sown in
11-L plastic pots containing 10 kg of dry loamy soil that was salin-
ized or not. Twelve days after sowing, the seedlings were thinned
to 22 plants per pot. The plastic pot was with a 24-cm diameter and
with a depth of 18.5 cm. There was a 9-cm space between pots. [n
this study, we maintained uniform spacing among the piants within
the pots during the experiment and the same among all the plants
in ail the detillering treatments. Loamy soil was coliected from a soil
surface (0-15 cm), air-dried, sieved through a 5-mim screen. The soil
consisted of 23% clay, 48% silt and 29% sand. The initially air-dried
sail with 4.6% gravimetric water content was filled layer-wise in
pots with four layers (a 4-cm soil thickness per layer). To reach a
final soil water content of 25% on a dry soil basis, tap water or NaCt
solution was added to the non-salisie or saline treatment. For the
saline treatment, in order to avoid an osmotic shock for seedling
emergence, the first three soil layers starting from the bottom in
pots was salinized by adding 120 mM Nacl solutions to each soil
layer, and the tep layer was salinized at day 10 after sowing (i.e.
at the early two-leaf stage). A final electrical conductivity (EC) of
approximatety 5.6 dSm=* was achieved in the soil solution of the
potted soil according o a preliminary experiment. Only a moder-
ate salinity was applied in this study because it was found that
high salinity could cause tiliers to be omitted in the plant based
on a set of the preliminary experiments. In order to avoid water
loss by evaporation, the pots were covered by the perforated plas-
tic foil and the plants grew through the smali holes in the foil, There
was no drainage at the bottam. The pots were weighed daily and
the water loss was replaced by adding tap water during the exper-
iment as necessary. Soil water content was maintained at a 25%
dry soil basis by replacing any water lost through evapotranspi~
ration. The plants were grown in a growth chamber at 23/18°C
{day/night) with 16-h light period of photon flux density (PPFD)

Effect of detitiering on leaf number and leaf area (cm?[ziller or plant) of the maiastem and substem tiflers in the salt-tolerant (Kharchia) and salt-sensitive (Sakha 61) genotypes subjected to salinity
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550 wmoi photenm=2 -1 until the first tiller emerged, and then
transferred to a greenhouse.

The preliminary experiments also showed that the optimai soi}
nutrient was obtained by applying 0.57g NH4NO3 per pot ini-
tially, with an additional 0.57 g NH.NO3 per pot being added at
the third, sixth, eighth and tenth weeks after sowing. In addition,
0.1 g KHzPO4 and 1504 per pot were added at the sixth and eighth
weeks after sowing, respectively.

2.2, Experimental design and sampling

The experiment was arranged as a randomized complete block
design and consisted of five detillering treatments each replicated
three times. The processes of tillering in wheat can be summa-
rized generally as: {1) the mainstem produces the primary tilievs
(T1, T2, ..., TN} from the buds of its leaf axils; (2) the primary
tillers likewise bear secondary tillers (T16, T11, .. .} from their {eaf
axils; (3} the secondary tillers can occasionally also produce ter-
tiary tiliers from their leaf buds. In order to simplify the tiliering

Day 45

35

system, the mainstem is ¢classed as the mainstem tilier, and all other
titlers {iL.e. primary tillers, secondary tillers, tertiary tillers, and so
on) are named substem tillers {Mitchell, 1954; Christen and Lovett,
1993). According to this scheme of tifler appearance, the detillering
treatments that we employed were:

(1) Untouched: mainstem and all substem tillers were left intact;

(2} M5: mainstem was leftintact; all substem tillers were removed;

{33 MST1; mainstenm and the primary tilier from leaf 1 on the main-
stent (substem tiller T1) were left intact; all other substem
tillers were removed;

{4} T1; substem tiller T1 was left intact; the mainstem and all other
substem tillers were removed;

{5) T1T2: the primary tillers from the first two leaves on the main-
stem {substem tilier T1 and substem tiller T2} were left intact;
the mainstem and all other substem tillers were removed.

To identify substem tillers as they emerged, the substem tillers
were circled with the different colosed wires. The unwanted tiller
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Fig. 1. Shoot dry weights of mainstem, T1 and T2 in the different detiliering treatments of the salt-tolerant genotype Kharehia with or without salinity at two harvest times.
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buds were broken off by a blunt needle at the base of the leaf
as soon as they became visibie; the mainstem was excised by
a surgical scalpel from the plant when the second leaf of the
youngest substem tiller that was left intact was fully expanded
{Kirby and Jones, 1977; Alacui et al., 1988). The mainstem and sub-
stem tiller buds were removed two times due to the growth of the
mmeristem.

During piant growth, leaf numbers of the mainstem and sub-
stemn tiflers T1 and T2 were recerded. Leaves of the mainstem and
substem tillers TT and T2 were harvested from 10 plants at day
45 after sowing (flag-leaf stage) and from the remaining plants at
day 95 after sowing {(mature stage). At day 45 after sowing, after
leaf area was measured in the leaves of the mainstem, substem
tifler T1 and substem tiller T2, respectively, the plant materials
wele dried at 65+C for 48 h to determine shoot dry weight for
them and the whole-plant. At day 95 after sowing, shoot dry
weight, seed yield, seed number and spikelet number were mea-
sured in the mainstem, substem tilier T1, substem tiller T2 and the
whole-plant, respectively, after the plant materials were dried as
above.

Day 45

2.3, Statistical analysis

Data were analyzed by analysis of variance (ANOVA) using the
PROC GLM procedure of The SAS System v9.1. Means separation on
the data was conducted using LSD multipie range tests. Terms were
considered significant at P <0.05.

3. Results
3.1. Association of mainstem growth with detiltering treatments

Effects of salinity on ieaf area and ieaf number on mainstem
were observed in both salt-tolerant and salt-sensitive genotypes
(Table 1). Compared with the untouched treatment, the main-
stert leaf area under saline or non-saline conditions was increased
in the MS and MST1 treatments for Kharchia and in the MS
trearment for Sakha G1. However, a larger reduction due to
salinity compared with the untouched treatment was observed
for the MS treatment of Kharchia and for the MS and MST1
treatments of Salkha 61 (Table 1). Furthermore, the number of

Day 95

3 ) Control
Salinity

Sheot dry weight of mainstem (g)
w3

Shoet dry weight of T1 (g)

Shoot dry weight of T2 (g}
w

A )
\Ba\°"c»r{ ¥

W <N \h“"fi\ &\q'l-

Fig. 2. $hootdry weights of mainstem, T and T2 in the different detillering treatments of the salt-sensitive genotype Sakha 61 with or without salinity at (wo harvest times,
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leaves in the MS and MST1 treatments was the same as in the
untouched treatment for both genotypes regardless of salinity
(Table 1).

The effects of salinity on shoot dry weight, seed yield, seed num-
ber and spikelet rumber on the mainstem are presented in Figs. 1-5
and Table 2. Regardless of sait level, shoot dry weight, seed yield
and seed number on the mainstem at maturity were significantly
greater in the MS than in the untouched treatment in the MS treat-
ments of both genotypes, but only slightly in the MST1 treatment
of Kharchia {Figs. 1-4). Under saline conditions, the reductions in
the average shoot dry weight, seed yield, seed number and spikelet
number on the mainstem were observed in both the salt-tolerang
and salt-sensitive genotypes, with the magnitude being genotype
dependent, i.e. there was a smaller reduction in these variabies
on the mainstem of the salt-tolerant genotype than in the salt-
sensitive genotype regardiess of treatments (Figs. 1-5; Table 2). At
maturity, i.e. day 95 after sowing, the greatest reduction in shoot dry
weight on the mainstem of Saicha 61 under saline conditions was
found in the MST1 treatment relative to the untouched treatment.

37

For Kharchia, the reduction was slightly greater in the detillered
treatments as compared to the untouched treatment, with the
largest reduction occurring in the MS treatment (Figs. 1 and 2;
Tablle 2). Similarly, compared with the untouched treatment, the
reduction in average seed yield on the mainstem by salinity was
greater in the MST1 treatment of Sakha 61 {33% cf. 25%) and MS
treatment of Kharchia {10% cf. 7%), but smaller in the M5 treatment
of Sakha 61 {24% cf. 25%) and the MST1 treatment of Kharchia (6%
cf. 7%).

Compared with the salt-tolerant genotype, salinity always
resulted in a greater reduction in seed number on the main-
stem of the salt-sensitive genotype, e.g 23% higher in the
untouched treatment (Fig. 4). For both genotypes, however,
decreases in tiller number also increased spikelet number
of the mainstem under saline conditions compared to the
unteuched treatment as witnessed, for example, by maintaining
the spikelet number but increasing seed number on the salt-
stressed Sakha 61 mainstem in the MS treatment (Figs. 4 and 5;
Tables 1 and 2).
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Fig. 3. Seed yields of mainstem, T1 and T2 in the different detiliering treauments of the salt-tolerant (Kharchia) and salt-sensitive {Sakha 67) genotypes with or without

salinity.
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Fig. 4. Secd numbers of mainster, T1 and TZ in the different detillering treatments of the salt-tolerant {Kharchia) and salt-sensitive (Sakha 61) genotypes with or without

satinity.

3.2. Association of substem tiller growth with detiilering
treatments

Compared to the non-saline plants, salinity reduced leaf num-
bers of substem tillers T1 and T2 in the untouched treatment in
Sakha 61 only (Table 1) and no reduction in the leaf number of
Kharchia was observed even in the detillered treatments. Further-
more, the detiliered treatments did not change the leaf number of
the salt-stressed substem tillers of either genotype compared to the
untouched treatment {Table 1). Interestingly, under the moderate
salt tevel used, substem tiller T was abie to show a smaller reduc-
tion in shoot dry weight than the mainstem during the period of
growth, e.g. the vegetative growth, in the salt-tolerant, but not in
the salt-sensitive genotype (Figs. 1 and 2). For example, the reduc-
tionin shoot dry weight of Kharchia due to salinity in the unitouched
treatment was about 11% for the mainstem, 3% for the substem tiller
T1 and 12% for the substem tiller T2 at day 45 after sowing; the
analogous values for Sakha 61 were 8%, 19% and 30%, respectively
(Figs. 1 and 2).

With a similar pattern ont the mainstem, the detillered treat-
ments significantly increased leaf area, seed yield and shoot
dry weight at maturity on the substem tillers compared to
the unteuched treatment in both genotypes under saline con-
ditions, except for the MST1 treatment of Sakha 61 (Figs. 1-3;
Tables 1 and 2). The increased seed vield in the detillered treat-
ments was related moere to an increase in seed number than in
spikelet number (Figs. 4 and 5). Under saline conditions, salinity
inhibited the substem tilier growth of both Kharchia and Sakha 61
by reducing both shoaot dry weight and leaf area, which, in turn,
resulted in a reduced seed yield, seed number and spikelet number
on the substem tiliers {Figs. 1-5; Tables 1 and 2). Compared with
the untouched treatiment, however, the greater reductions by salin-
ity were observed in afl detillered treatments of substem tiller T1
for Sakha 61, e.g. by 24% for leaf area, by 12% for seed yield and by
8% less far sheot dry weight at maturity, respectively; for Kharchia,
the reductions tended to be smaller in the detillered treatments,
the exception being the T1T2 treatment. For the substem tiller T2,
the T172 treatment resulted in a smaller reduction in leaf area, seed
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Fig. 5. Spikelet numbers of mainstem, T1 and T2 in the different detillering treatiments of the sali-tolerant {Kharchia) and salt-sensitive (Sakha 61) genotypes with o witheut

salinity.

yield and shoot dry weight at maturity for both genotypes under
saline conditions, especially for the salt-sensitive genotype.

3.3, Association of whole-plant growth with detitlering

The effects of salinity on shoot dry weight, seed yield and seed
number per plant are presented in Figs. 6 and 7 and Table 2. Except
for the T1 treatment at day 45 after sowing, shoot dry weight per
plant was less affected by salinity in Kharchia than in Sakha 61
over all treatments at either harvest. Qur results (Fig. 6) further
show that the reduction in shoot dry weight per plant under saline
conditions for Sakha 61 became continually greater over time until
the mature stage, whereas a smaller reduction for Kharchia was
found at the mature stage, a difference that might stem from their
differential salt tolerance during the reproductive growth stage.
For example, the reduction in shoot dry weight per plant of Sakha
61 at maturity compared to day 45 after sowing was about 10%
greater in the untouched treatment, 19% in the MS treatment, 12%
in the T1 treatment, 4% in the MST1 treatment and 2% in the

T1T2 treatment. By contrast, the reduction in shoot dry weight per
piant of Kharchia at maturity was dependent on tiller number per
piant {Fig. 6, Table 1). Furthermore, the enhanced sait tolerance
of Kharchia during reproductive growth may greatly reduce losses
in seed yield and seed number per plant regardiess of treatments
compared with Sakha 61.

Compared with the untouched treatment, the detiliered treat-
ments decreased shoot dry weight of both harvests, seed yield and
seed number per piant regardless of the genotype and salinity,
Furthermore, this reduction with the MS$ and T1 treatments was
greater than that with the MST1 and T1T2 treatiments (Figs. 6 and 7;
Table 2). Under saline cenditions, however, the manipulation of
tiller number could alter the apparent salt tolerance per plant in
both the salt-tolerant and salt-sensitive genotypes. Overall, the
reductions in shoot dry weight at maturity, seed vield and seed
number per plant for Kharchia under saline conditions tended to
be higher in the detillered treatments of one ar two tillers per
plant compared with the untouched treatment, whereas these were
smaller for Sakha 61.




40 ¥. Ruan et al. / Environmental and Experimental Botany 64 (2008) 33-42

Table 2
Mean squares and F-tests of the effects of salinity (5} and detillering (D} and their interactions (S x D) for shoot dry weights at day 45 and day 95 after sowing. seed yield,

seed number and spikelet number of the mainstem, substen tiflers and total plant in Kharchia and Sakha 61

‘TP < 0.001; VP2 0.01;°P £ 0.05; ns, not significant at P> 0.05.

seed yield and seed number per tilier on both the mainstem and

4. Discussion
substem tiilers in spring wheat (Table 1), which is in agreement

Regardless of the genotype and sait stress, a reduction in tiller with the observation of Kirby and Jones (1977) in barley. Alaoui
number is associated with increases in feaf area, shoot dry weight, et al. (1988) pointed out that the enhanced Jeaf area may increase
Day 45 Day 95
1]
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Fig. 6. Shool dry weight of the whole-plant in the different detillering treatments of the salt-toferant (Kharchia) and salt-sensitive (Sakha 61} genotypes with or without
salinity at two harvest times.
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Fig. 7. Seed yield and sced number of the whale-plant in the different detillering treatments of the salt-tolerant (Kharchia) and salt-sensitive {Sakha 61) genotypes with or

without salinity.

the photoassimilate suppiy needed for the greater tiller sced yield.
For the whole-plant, however, reduced tilier numbers significantly
reduces shoot dry weight, seed yield and seed number. [t is appar-
ent that tiller number is a very impoertant contributor to the total
seed yield of plant in wheat, despite seed yield being increased in
the mainstems or substem tiliers of the detillered treatments. it
has been reported previously, that the increased seed yield on the
mainstem resuiting from tiller removal does not compensate forthe
loss of the substem tillers (Kemp and Whingwirt, 1980), The present
study also suggests that the enhanced seed vield on the substem
tillers due to titler removal did not compensate for the loss of the
mainstem.

Under saline conditions, knowiedge about how the difference in
tiller number affects the salt tolerance of the mainstem and sub-
stem tillers as well as of whole-plant could prove to be more crucial
in terms of improving wheat yield under salt stress. Hu et al. (1997}
have pointed cut that, under moderate salinity, nutrient deficiency
and salinity may equally limit plant growth, and they may not inter-
act, The nutyient activities and ratio of salt ions in the mainstem
and substem tiflers could be important determinants of plant salt
tolerance. Mainstem-to-substem titler relationships are naturalty
complex, but they can be summarized in cereal plants {e.g. wheat
and barley} as follows: (1) under adequate nutrient supply, the
mainstem translocates nutrients to the substem tiller to suppolt its
growth and development, and the substem tiller also translocates
nutrients to the mainstem (Kemp and Whingwiri, 1980; Lauer and
Simmons, 1985; Laver and Simmons, 1988): (2)under poor nutrient
supply, the mainstem monopolises the availalble nutrients, greatly
decreasing their translocation to the substem tiller, which may also
decrease or stop the nutrient translocation to the mainstern (Gu
and Marshall, 1988; Sticksel et al,, 1999); and {3) the transiocation
of nutrients from the mainstem to the substem tiller is great in early

plant development and decreases subsequently, with the nutrient
transiocation from the substem tiller to the mainstem only occur-
ring before the later reproductive growth stage {Lupton, 1866, Laver
and Simmons, 1988). Therefore, under low nutrient availability and
high toxic-ion ratios, the respective capacities of the mainstem and
substem tillers to obtain nutrients or exclude toxic ions contribute
to their own salt tolerance, thereby affecting that of the whole-plant
inturn,

in this experiment, one tiller per plant (i.e. the MS or T1 treat-
ments) greatly increased the shoot dry weight, leaf area, seed yield
and seed number on the mainstem or substem tiller T1, respectively,
compared with the corresponding values in the untouched treat-
ment regardless of the genotype and salt stress, indicating the high
potential of both mainstem and substem tiller to take up nutrients
under satine conditions. By contrast, the mainstem and substem
tillers could have the different responses to salinity due to the com-
petition for nutrients and the accumulation of toxic ions, for which
both tiller number and genotype could play a key role. For exam-
ple, the salt tolerance of the mainstem was decreased in two tillers
per plant {i.e, the MST1 {reatment) compared with one tiller per
plant {(i.e. the MS treatment) in the salt-sensitive, but not in the
salt-tolerant genotype. As nutrient competitors within the piant,
the substemn tillers could act as either a sinik or a source of nutrients
associated with the mainstem, which have been reported by Lauer
and Simmons (1985,1988) in barley. The translocation of nutrients
between substem tillers and mainstem, which may affect the spe-
cific effects of toxic ions within the mainstem, likely depends on the
wheal genotype, Forexample, the movement of nutrients from sub-
ster tilter one to the mainstem in the saline environment may have
operated more effectively in the MST) treatment to limit the aver-
age mainstem seed reduction within Kharchia than within Sakha
G1.
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This study showed the smaller inhibition of growth on the sub-
stem tiller T1 than on the mainstem in the salt-tolerant genotype
under moderate salinity in the untouched plant. This indicates that
the substem tillers (or at least for the primary tillers) may be by
cither receiving more assimilates and minerals from the mainstem
and growth medium or translocating less photoassimilate to the
mainstem, which has been observed in barley {Kirby and Jones,
1977; Lauer and Simmens, 1988). Here, the manipulation of tiller
number with or without mainstem provides the evidence to sup-
port that the export and import of nutrients front the mainstem te
the substern tillers could be of importance with respect to sait toler-
ance. Ourresults showed that the shoot dry weight of substem tiller
T1 at maturity in two titlers per plant with the mainstem {i.e. the
MST1 treatment) in the sait-tolerant genctype Kharchia was iess
reduced compared to that of two tillers per plant without mainstem
{i.e. the T1TZ treatment). For the salt-sensitive genotype Sakha 61,
by contrast, this reduction was higher in two tillers per plant with
the mainstem than without mainstem (Figs. 1 and 2, Table 2).

Differences in nutrient transport frem the mainstem to the sub-
stem tillers or vice versa in the salt-tolerant and salt-sensitive
genotypes could be associated with their different mechanisms
of salt tolerance. El-Hendawy et al. {2005b) confirmed that salt-
tolerant and salt-sensitive wheat genatypes use jon exclusion and
high accumuiation, respectively, in response to saline conditions.
Kirby and Faris {1972) pointed out the possibility in barley that
the adjustment of resources between the mainstem and substem
tillers could help the plant to recover from poor environmental
conditions. Therefore, we considered that the exclusion of toxic
ions in the salt-tolerant genotype in combination with the rela-
tively weak competition to balance nutrient distribution between
the mainstem and substem: tillers under saline conditions might
diminish the negative effects of toxic jons on the growth of main-
stem and substem tillers. By contrast, the high accumulation of
toxic ions in the salt-sensitive genotype in combination with an
increased competition for nutrients between the mainstem and
substem tillers may enhance the inhibition of growth of both the
mainstem and substens tillers. Our results show that the substem
tillers (o at least for the primary tillers) of the salt-tolerant geno-
type express supericr genetic traits in relation to the exclusion of
harmful ion during the reproductive growth stage compared to
that of the saft-sensitive genotype. At the whole-plant level, the
substem tillers could play an important role in improving the salt
tolerance,

5. Conclusion

In the treatments with one or two tiliers per plant, shoot
dry weight, seed vield and seed number per plant were sig-
nificantly decreased in both the salt-tolerant and sait-sensitive
genotypes compared with the untouched plant (more than three
tilters) regardless of salinity, while these same variables tended
to be increased in the treatments with one tiller (mainstem
or substem tifler). The increased seed yield per tiller apparent
upon tiller reduction could be due to the increased seed num-
ber within the spikeiet of tillers under such conditions. Qur
manipulations of tillers could rot alter the inherent genotypic
effects on the differential salt tolerances between the genotypes.
The salt-tolerant genotype remained more tolerant to salinity
in shoot dry weight than did the salt-sensitive genotype under
all the detillered treatments performed. This could be the rea-
son why the mainstem and substem tillers of the salt-tolerant
genolype are more tolerant to salinity than those of the salt-
sensitive genotype. The role of substem tillers is likely important
in plant salt tolerance in relation to tiller number and accu-

mulative effects within the plant among the different wheat
genotypes.
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