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ABSTRACT

Intra-specific variations in apex development of two salt-tolerant cultivars (Cross Row-
shan 11 (CR) and Kharchia-65) and one salt-sensitive cultivar (Ghods) of spring wheat
(Triticum aestivum L.) grown in sand culture at selected levels of salinity (0, 100, 200, and
300 mol m> NaCl and CaCl, in 5:1 molar ratio) were studied. To determine the apex
lengths and the number of spikelet primordia in the apex, the main shoot apex was dis-
sected. Results indicated that final spikelet number of wheat cultivars decreased with in-
creasing salinity. Cultivars showed different responses to a particular level of salinity.
Duration of spikelet development from double ridge to terminal spikelet, spikelet number
and apex length declined in the presence of salinity. Both shorter duration and reduced
rate of spikelet initiation were responsible for reduction in spikelet number in salt-treated
plants. Cultivar CR showed a better performance during spikelet initiation period and
produced relatively more spikelets under saline conditions than the others.
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INTRODUCTION

Salinity is a major constraint on crop pro-
duction in numerous parts of the world, es-
pecially in arid and semiarid regions. The
growth of plants may be reduced under salt
stress because of osmotic stress due to the
lowering of external water potential or to the
effects of specific ions on metabolic proc-
esses (Munns, 1993). Among crop plants,
differences in salt resistance exist not only
among different genera and species, but also
within species which may on the whole be
considered non-salt-tolerant (Epstein and
Rains, 1987). Wheat, as the main world-
wide staple food, is considered to be rela-
tively salt-tolerant (Bernstein et al., 1974).

A key stage in wheat development follow-
ing emergence is spikelet initiation. It is a
time period between double ridge and termi-
nal spikelet initiation. Terminal spikelet
marks the end of initiation of spikelet pri-
mordia and thus potential grain sites (Slafer

and Rawson, 1994). Spikelet development is
the first step of reproductive stage in wheat
plant life cycle and is more sensitive to sa-
linity than later stages (Grieve et al., 1993;
Slafer and Rawson, 1994). Grain number in
bread wheat and durum wheat was affected
mostly by salinity when plants were stressed
prior to the booting stage (Maas and Poss,
1989; Christen et al., 1995). Maas and
Grieve (1990) demonstrated that salt stress
prior to and during spikelet development
significantly decreased the yield potential of
individual spikes of the sensitive wheat cul-
tivar ‘Aldura’, but not of the more tolerant
wheat cultivar ‘Probed’.

Although the effects of some other envi-
ronmental factors such as photoperiod (Alli-
son and Daynard, 1976; Rahman and Wil-
son, 1977b; Rahman et al., 1978), irradiance
(Allison and Daynard, 1976), temperature
(Friend, 1965; Rahman and Wilson, 1977a),
nutrient supply (Whingwiri and Kemp,
1980; Frank and Bauer, 1984), and water
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stress (Frank et al. 1987; Christen et al.,
1995) on apex development of wheat have
been addressed, there is a little published
work on apex development of wheat in the
presence of salinity (Taeb et al., 1992). Most
of the work has been contributed by the U.S.
Salinity Laboratory researchers (Maas and
Poss, 1989; Maas and Gerieve, 1990; Grieve
et al., 1993), who have reported that spring
wheat salt stressed during the vegetative
apex stage had a shorter spikelet develop-
ment duration, which resulted in fewer
spikelets per spike. The major effect of salt
stress on the timing of shoot primordia ini-
tiation is to reduce the duration of the
spikelet initiation phase, whereas the period
from sowing to flag leaf initiation (last leaf)
is unaffected by salinity (Grieve et al.,
1993). An acceleration in shoot apex devel-
opment, as the second major effect, led to
reduced spikelet number in each spike, and
thus, lower yield potential (Maas and Poss,
1989; Maas and Grieve, 1990; Munns and
Rawson, 1999). Similar effects of water
stress (drought) on apical development have
been reported by Oosterhuis and Cartwright
(1983); Frank and Bauer (1984); Frank et al.
(1987); and Christen et al. (1995).

A Dbetter understanding of the underlying
mechanisms involved in the plant response
to salinity is essential to confront this prob-
lem. It is suggested that there are associa-
tions between particular developmental
stage and yield components (Slafer and
Rawson, 1994). Since number of spikelet
per spike, as a main yield component, is de-
termined in apex development stage of
wheat, it is important to be able to manipu-
late the duration and rate of spikelet initia-
tion. The present work was carried out to
study duration of spikelet initiation, spikelet
initiation rate, apex elongation rate of three
spring wheat cultivars, different in their re-
sponse to salinity, grown under salt stress.
Although wheat is mostly sensitive to envi-
ronmental temperature during apex devel-
opment (Slafer and Rawson, 1994), this pa-
rameter was kept fixed for all treatments
during the experiment in order to study apex
development.

MATERIALS AND METHODS

Experiments were conducted in a growth
room with 14 hours day length, 58+ 2% rela-
tive humidity, 20/15°C day/night tempera-
ture and 200 pmol m” s photon flux den-
sity. Three spring wheat cultivars, Cross
Rowshan 11 (CR) (Iranian salt-tolerant),
Ghods (Iranian salt-sensitive) and Kharchia-
65 (standard salt-tolerant) were grown in
eight sand tanks in a growth room using
sand culture. Four levels of salinity, 0, 100,
200 and 300 mol m~ were imposed by add-
ing NaCl and CacCl, at 5:1 molar ratio to the
modified Hoagland's nutrient solution at two
leaf stage (Maas and Poss, 1989). Observa-
tion of apex development was started at 20
days after sowing (DAS), based on the re-
sults of a preliminary experiment for deter-
mining the duration of double ridges (DR)
and terminal spikelet (TS), and continued
every other day until the terminal spikelet
was clearly differentiated.

The plants were given a modified Ho-
aglands nutrient solution consisting of 2.5
mM Ca (NO;),, 3.0 mM KNO;, 0.17 mM
KH,POy, 1.5 mM MgSOy, 50 uM Fe as fer-
ric citrate, 23.0 uM H;BO;, 5.0 uM MnSQ,,
0.2 uM CuSO, and 0.1 uM H3;MoO, (Maas
and Greive, 1987) made up in tap water. The
nutrient solution was changed every other
week. Water lost by evapotranspiration was
replenished every day to maintain constant
salt and nutrient solution content. The solu-
tion pH was maintained between 6-6.5 by
adding H,SO, as required. Salinity was im-
posed at two leaf growth stage until the end
of experiments.

Sampling was done by harvesting two
seedlings from each cultivar at different lev-
els of salinity. The main shoot apex was dis-
sected to determine the apex lengths and the
number of spikelet primordia present on the
apex. When apices had reached the double
ridge stage, both the leaf primordium and
the spikelet bud could be seen and the num-
ber of spikelet buds and lengths of apex
were counted using a binocular microscope
(Nikon) at a magnification of X40. The dou-
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ble unit of leaf primordium and spikelet bud
counted as one (Kirby, 1974). Several au-
thors have expressed spikelet duration in
number of spikelet per C d”, but since the
temperature in growth room was fixed at
20°C in this work, the duration of spikelet
initiation, spikelet initiation rate, apex elon-
gation rate were expressed per day. Spikelet
initiation rate (B) and apex elongation rate
(o) were calculated by dividing the number
of spikelets (S) and length of apex (L) (mm)
by duration between DR (D;) and TS (D,)
(days).

R = S/ (D2 - D])

a= L/ (D2 - Dl)

The experimental design was a split-plot
with salinity as main plots and wheat cvs as
subplots in a randomized complete block
design. Data were subjected to analysis of
variance using Minitab Statistic software for
Windows version 9.2. Standard error (SE) of
significant treatments was calculated by di-
viding standard deviation by second root of
degree of freedom (df) for each particular
treatment.

RESULTS

Figure 1 shows the average spikelet num-
ber in non-saline conditions, high level of
salinity and average of four levels of salinity
from 20 to 55 days after sowing (third leaf to
booting stage, the stage that spike located in
flag leaf sheath). Average spikelet number
per apex and apex length of all cultivars did
not show significant changes compared with
control until 40 days after sowing (DAS) in
the presence of 200 mol m™ salinity. No sig-
nificant difference was observed between
salt treatments and control for the rate of
spikelet initiation until 40 DAS. Although,
at this time terminal spikelet initiation was
ceased in salt-affected plants, it continued
for five more days in the control plants (fig-
ure la). These results confirmed that apex
development period in salt-treated plants
was shorter than that in the control plants.
Apex elongation started to increase after

double ridges stage (20-25 DAS). During the
period of spikelet initiation (25-40 DAS),
there were no differences between salinity
and control plants in apex length, but at 35
DAS (10 days after starting of spikelet ini-
tiation), stressed plants had longer apex than
that of control (Figure 1b).

A positive and significant correlation was
observed between number of spikelets per
apex and the duration of spikelet initiation,
and the relationship shifted to linearity at
terminal spikelet (Figure 2a). Number of
spikelets had also a significant correlation
with apex lengths until terminal spikelet
formation (Figure 2b), but this correlation
ended after this stage because spikelet initia-
tion had ended, while apex elongation con-
tinued.

Salinity had a negative effect on the num-
ber of spikelet primordia per apex in differ-
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Figure 1: Number of spikelet per apex, length
of apex (mm) in the period between double
ridges and terminal spikelet. Each point is the
average of two measurements and three culti-
vars. Three lines are the average of four levels
of salinity (A), control (1), and high salinity
level (O). Vertical lines are standard error of
means at 95% probability.
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Figure 2: Relationship between number of
spikelet primordia and time (a), number of
spikelet primordia and apex length (b). Each
point is the average of four levels of salinity
and three cultivars (a) and seven replicate (b).
Open symbols are salinity treatments and solid
symbols are control (b).

ent cultivars. CR showed the highest spikelet
number amongst cultivars at 200 and 300
molm™ salinity levels (Figure 3a). In spite of
salinity tolerance of cultivar Kharchia-65, its
spikelet number at 300 mol™ was signifi-
cantly lower as compared with CR, whereas
at zero salinity level all three cultivars did
not differ significantly for spikelet number.

The apex length at the time of terminal
spikelet formation followed the trend for
spikelet number (Figure3b). The apex length
of cultivar CR was significantly longer than
those of other cultivars only at 100 and 200
mol m™. Spikelet initiation rate did not show
any reduction due to salinity up to 200 mol
m” in all cultivars. The rate of spikelet ini-
tiation for all cultivars was reduced with the
exception of CR (data not shown).

Total spikelet number per apex of CR was
significantly higher than those of the other
two cultivars but its apex developmental
stage was well behind (Figure 4a). Apex
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Figure 3. Number of spikelet per apex (a) and
apex length (mm) (b) in various wheat culti-
vars at different levels of salinity. Each point
is the average of two replicates. Vertical lines
are standard error of means of cultivars at
95% probability.

length had a sharp increment after terminal
spikelet stage, as during five days (40- 45
DAS), the apex length of cultivar Kharchia-
65 and Ghods grew from 1.88 and 3.71 to
4.88 and 10.5 mm, respectively (Figure 4 b).
Apex length was always higher in Kharchia-
65 than in the other cultivars during the last
four sampling dates, but based on develop-
mental stage, CR had the longest apex at the
time of terminal spikelet initiation. For in-
stance, although the apex length of Khar-
chia-65 and CR at 40 days after sowing were
3.71 and 2.2 mm, respectively (Figure 4 ), at
terminal spikelet stage they had the apex
lengths of 2.2 and 3.4 mm, respectively.
Salinity shortened the duration of double
ridge to terminal spikelet in all three culti-
vars. For instance, this period under non-
saline conditions in cultivar Ghods was 13.5
days, whereas, at 200 molm™ salinity it was
8.5 days (Table 1). Kharchia-65 reached its
double ridge and terminal spikelet stages
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Figure 4. Relationship between number of
spikelet and time after sowing (a) and apex
length with time after sowing (b) in different
wheat cultivars in the presence of salinity. Each
point is the average of two replicates and four
levels of salinity. Vertical lines are standard
error of means of cultivars at 95% probability.

earlier than others. It achieved its terminal
spikelet stage, 33 days after sowing in over-
all levels of salinity, whereas Ghods and CR
reached this stage after 37 and 45 days, re-
spectively (table 1). It should be pointed out
that the average duration of apex develop-
ment of Ghods was longer than other culti-
vars (Table 1).

DISCUSSION

Maximum number of spikelet primordia
that can be produced on the wheat apex is
determined by genotype, and this potential is
realized by the interaction between genotype
and environment (Rahman et al. 1978). In
this experiment, final spikelet number in the
main stem of wheat cultivars was affected
with increasing salinity. Different cultivars

showed different responses to each level of
salinity. The two main parameters which
determined spikelet number per apex are
duration and rate of spikelet initiation. Both
of these factors were affected by salinity.
Duration of apex development from double
ridge to terminal spikelet was reduced in the
presence of salinity (table 1). Double ridge
stage commenced earlier in stressed plants
than control by at least one day per 100 mol
m™ mixture of NaCl and CaCl,. Spikelet
initiation in salt-treated plants also com-
pleted earlier than that in control plants (ta-
ble 1). These results are in agreement with
Maas and Grieve (1990) and Grieve et al.,
(1993) who reported that salinity caused a
reduction in duration of the spikelet primor-
dium initiation phase. The rate of spikelet
initiation showed an increase in mild salt
concentration as compared with control, but
at the highest level of salinity this rate was
reduced. This result does not agree with
Oosterhuis and Cartwright (1983) who re-
ported that there was no correlation between
the length of the spike initial and the number
of spikelet primordia formed in water-
stressed wheat plants. The slight increase in
spikelet initiation rate at 100 molm™ salinity
was not due to increasing the number of
spikelet, but rather due to reduction in dura-
tion of spikelet initiation.

Although at high salinity, both the dura-
tion and rate of spikelet initiation were re-
duced, reduction in the rate of spikelet initia-
tion was relatively more than the duration.
These results are inconsistent with those of
Grieve et al. (1993) who found that rate of
spikelet initiation did not change with salin-
ity. Numerous investigators have addressed
the interaction between genotype and envi-
ronment that influence final spikelet num-
ber. An inverse relationship between the rate
and duration of spikelet initiation has been
observed in response to some environmental
stresses such as photoperiod (Allison and
Daynard, 1976; Rahman and Wilson, 1977b;
Rahman et al. 1978), irradiance (Allison and
Daynard, 1976), temperature (Friend, 1965;
Rahman and Wilson, 1977a), nutrient supply
(Whingwiri and Kemp, 1980; Frank and
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Table 1: Effect of salinity on duration of spikelet initiation, starting of double ridges (DR), and termi-
nal spikelet (TS) of wheat cultivars. The numbers in the table are in days for duration, and days after
sowing for the rest. Salinity is based on mol m™ in the nutrient solution, and 0 indicates the control.

SE is the standard error of means in 95% probability.

Experiment 1

Experiment 2

Salinity Cultivar DR TS Duration DR TS Duration Average
0 CR 29 39 10 31 43 12 11.0
0 Ghods 22 34 12 25 40 15 13.5
0 Kharchia 26 35 9 25 40 15 12.0
100 CR 29 38 9 27 37 10 9.5
100 Ghods 25 31 6 25 34 9 7.5
100 Kharchia 25 34 9 25 33 8 8.5
200 CR 27 34 7 28 35 7 7.0
200 Ghods 23 31 8 24 33 9 8.5
200 Kharchia 25 31 6 24 31 7 6.5
300 CR 27 35 8 31 37 6 7.0
300 Ghods 21 34 11 23 33 10 10.5
300 Kharchia 25 31 6 23 31 8 7.0
SE 1.8 1.2 1.2 1.0 2.77 1.66 1.3

Bauer, 1984), and water stress (Frank et al.,
1987). However, the relationship between
rate and duration does not appear to be
strictly reverse and these factors may oper-
ate independently in the determination of
spikelet number (Rahman and Wilson,
1977a).

The three wheat cultivars used in the pre-
sent study showed different developmental
time-tables from sowing to terminal spikelet
differentiation (table 1). Shorter duration of
apex growth phase, and the lower spikelet
number production in Kharchia-65 (standard
salt-tolerant) compared to CR and Ghods
might be due to weakness of plants at the
time of double ridges in this cultivar. Al-
though in all three cultivars, the duration of
the spikelet initiation phase and the number
of spikelets formed were reduced under sa-
line conditions compared to control. Statisti-
cal analysis revealed that in cultivar CR re-
duction in final spikelet number was lower
than those in other cultivars. This result in-
dicates that CR is resistant to salt stress as
compared to Ghods and Kharchia-65 during
this period of development. A better per-
formance of the cultivar CR could be due to

a longer period between salinization and
start of spikelet initiation which was two to
six days later than those in the other culti-
vars, allowing treated plants in cultivar CR
to adapt to the saline conditions and estab-
lish more vigorous plants at the double ridge
stage (table 1).

However, many researchers (Kirby, 1974;
Baker and Gallagher, 1983; Delecolle et al.
1989) have reported that spikelet primordia
are initiated two to four times faster than
leaf primordia. In all treatments, apex length
was very small at the end of spikelet initia-
tion phase (i.e. less than 3.5 mm). Apex
length was shorter in stressed plants by the
time of terminal spikelet formation (end of
spikelet initiation) as compared with control.
But as shown in figure 1b, salt-treated plants
initiated their terminal spikelet before con-
trol plants, and because of rapid elongation
of apex after this stage, recovery for apex
length in stressed plants had taken place
even earlier than terminal spikelet differen-
tiation in control plants. It can be said that in
stressed plants terminal spikelet initiation
ended earlier and consequently more photo-
synthetic source was available for apex
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elongation (figure 1b). Elongation of the
apex was rapid after terminal spikelet initia-
tion in all cultivars and salt treatments.
Therefore, the start of rapid elongation of
spike could be a good indicator for comple-
tion of apex development

In summary, spikelet number and apex
length both declined in the presence of salin-
ity as compared with control. Both shorter
duration and reduced rate of spikelet initia-
tion were responsible for the reduction in
spikelet number in salt-treated plants.
Amongst cultivars, CR showed a better per-
formance in spikelet initiation stage, which
in turn produced relatively more spikelets
under saline conditions than the other two
cultivars. More information into the causes
of the behavior of the wheat cultivars grown
under salinity stress should be sought.
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