
CROP PHYSIOLOGY & METABOLISM

Analysis of Main-Spike Yield Components in Salt-Stressed Wheat
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ABSTRACT
Grain yield potential of wheat (Triticum aestivum L.) main spikes

is genetically determined and depends upon the number of spikelets
per spike, the number of kernels per spikelet, and the weight of in-
dividual kernels. Environmental factors may interact with the geno-
type to influence the expression of these components. This study was
initiated to determine the effects of salinity on main-spike yield com-
ponents of two Mexican semidwarf, hard red spring wheat cultivars,
Yecora Rojo and Anza. Plants were grown in greenhouse sand cul-
tures irrigated four times daily with modified Hoagland’s solution.
Two saline treatments with osmotic potentials (¢0 of -0.65 and -0.85
MPa were imposed by adding NaCI and CaCi2 to the base nutrient
solution. The electrical conductivities of the saline irrigation waters
(EC,,~) were 14.3 and 18.1 dS -m, respectively. These treatments
were compared to a nonsaline control treatment at -0.05 MPa (EC~
= 2.0 dS m-t). Six main-spike yield components were measured:
spike length, spikelets per spike, kernels per spike, kernels per spi.
kelet, individual kernel weight, and total kernel weight per spike. The
first three parameters decreased in response to salinity. Kernel num-
ber per Anza spikelet was unchanged by salinity. Compared with the
controls, kernel number per Yecora Rojo spikelet increased at - 0.65
MPa and decreased at -0.85 MPa. At -0.65 MPa, decreases in
kernel numbers per spike of both cultivars were offset by increases
in kernel weight, particularly in the central spikelets. As a result,
grain yield per main spike was 12 to 15% higher than in the nonsaline
controls. Stimulation of main-spike yield by salinity suggests that in
those salt-affected areas where tillering capacity may be reduced, wheat
production may benefit from higher planting density.

THE SPIKE on the main axis of wheat develops through
an orderly series of morphogenic events. These

events determine, in sequence, the three components
of the spike’s yield capacity: the number of spikelets,
the number of kernels per spikelet, and the dry weight
of individual kernels. Spikelet number is determined
prio~ to differentiation of the terminal spikelet; kernel
number, during the period of spike emergence to an-
thesis; and kernel weight, between anthesis and ma-
turity. Environmental conditions prevailing during a
particular phase may affect the expression of the yield
component that is dominant at that time. Although
yield is directly determined after anthesis, the yield
potential is largely dependent on earlier events and,
thus, storage capacity of the spike may respond to
environmental conditions almost to maturity (Bingham,
1969; Evans et al., 1975).

Patterns of kernel distribution in specific spikelets
along the spike axis are influenced by temperature
(Warrington et al., 1977), water status (Oosterhuis
and Cartwright, 1983), N supply (Whingwiri and Stem,
1982; Sibony and Pinthus, 1988), and salinity (Maas
and Grieve, 1990). In a study of salinity effects on
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main-spike yield of two wheat species, Maas and Grieve
(1990) found that an osmotic potential of -0.65 MPa
reduced spikelet and kernel number per spike, but that
kernel number per spikelet increased. Kernel weight
of the bread wheat cultivar Probred also increased,
and yield of the main spikes was not influenced by
salt stress. In contrast, kernel weight of durum wheat
(T. turgidum L. cv. Aldura) decreased with increasing
salinity, and total grain weight was 20% lower than
the controls.

In this study we compared salt-stress effects on the
main-spike yield components of two semidwarf, hard
red spring Mexican wheat genotypes: Yecora Rojo
and Anza. Objectives were to evaluate the location of
these effects along the spike and within the spikelets
and, further, to identify relationships between kernel
weight and numbers that depend on kernel position on
the spike.

MATERIALS AND METHODS

Yecora Rojo and Anza wheat was grown in nine sand
tanks in the greenhouse at Riverside, CA. The tanks (1.2
by 0.6 by 0.5 m deep) contained washed sand having an
average bulk density of 1.2 Mg m-3. At saturation, the
sand had an average volumetric water content of 0.34 m3
m-3. Seeds were planted in two rows of each cultivar per
tank on 10 Jan. 1989. Rows were spaced 15 cm apart, with
51 seeds per row. Plants were irrigated four times daily
with a modified Hoagland’s nutrient solution consisting of
2.5 mM Ca(NO3)2, 3.0 mM KNO3, 0.17 mM KH2PO4, 1.5
mM MgSO4, 50 tu14 Fe as sodium ferric diethylenetriamine
pentaacetate (NaFeDTPA), 23 tul¢ H3BO3, 5 ~ MnSO,~,
0.4 ~ ZnSO,~, 0.2 p214 CuSO,~, and 0.1 tul4 HsMoO,~
added to local tap water. Each irrigation cycle continued
~-15 rain until the sand was completely saturated, after
which the nutrient solution drained into 565-L reservoirs
for recycling during the next irrigation. Water lost by eva-
potranspiration was replenished automatically each day to
maintain constant osmotic potentials in the solutions. So-
lution pH was maintained between 5.5 and 6.0 by adding
H2SO4 as required. Two salinity treatments with ~bs = - 0.65
and -0.85 MPa were imposed by adding NaCl and CaCl2
(2:1 molar ratio to simulate saline soil solutions) to the
nutrient solutions. Salinization began 6 d after planting,
when the seedlings were at the first-leaf stage. The osmotic
potentials of the saline treatments were decreased to the
desired level by incremental additions of the salts over three
consecutive days to avoid osmotic shock in the seedlings.
The base nutrient solution served as the -0.05 MPa con-
trol. Treatments were replicated three times. Electrical con-
ductivities of the irrigation solutions were 2.0, 14.3 and
18.1 dS m-1 for the treatments at -0.05, -0.65, and
-0.85 MPa, respectively.

Daytime air temperatures ranged from 21 to 36 °C (mean
= 30 °C); nighttime, from 14 to 30 °C (mean = 20 °C).
Relative humidity ranged from 40 to 99%, with a mean of
60% during the day and 81% during the night.

In each tank, 10 plants of each cultivar were randomly

Abbreviations: EC~,, electrical conductivity of irrigation water;
SPI, spikelet primordia initiation; Os, osmotic potential.
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selected. Mainstem leaves were identified as they devel-
oped and were tagged with colored wire rings. Plants were
harvested at maturity; main spikes were dissected and ex-
amined in detail. Each kernel was identified by its position
on the spike and within each spikelet, and weighed. Spike-
lets were numbered acropetally, with spikelet No. 1 on the
first visible node of the rachis. In each spikelet, the basal
floret (and the kernel therein) was designated a, the second
b, the third c, etc.

Statistical Methods

Yield data parameters were analyzed with the following
analysis of variance model, GLM procedure (SAS, 1985):

Y= Uo +Ai + Bj + ABij + @~k,
i = 1,3, j = 1,3, and k = 1,10

where Uo = overall mean, A~ = salinity stress level (ex-
pressed as *s = -0.05, -0.65, or -0.85 MPaz), Bj 
replication, and @ijk : normally distributed random error
component. The AB~j interaction term was included to test
for any potential nested error structure effects.

The six yield parameters of interest within each wheat
type were spike length, number of spikelets per spike, num-
ber of kernels per spike, number of kernels per spikelet,
total dry grain weight per spike, and kernel weight.

A total of 12 ANOVAs were fitted to the yield data, one
ANOVA per yield parameter for each cultivar. None of the
A_NOVAs revealed significant ABi~ interaction terms; thus,
the possibility of nested error structures was discounted.
However, three parameters (Yecora Rojo spike length, Anza
spikelet count, and Anza kernel weight) did show replica-
tion effects (or = 0.05) in the ~s = -0-85 MPa treatment.
Replication effect on the parameter means was minimal,
because change from replication effect was at least an order
of magnitude smaller than the corresponding change in the
means for ,s. Tukey’s Studentized Range Test was used to
test for changes in the means across salinity levels (Table
1).

Comparative or statistical analyses of main-spike yield
components based on the position of the individual kernels
along the spike are complicated by the fact that, even within
a given treatment, not all main spikes have the same number
of spikelets. Hence, a scaling procedure was used to facil-
itate the comparison of yield data from all the tagged plants
in each treatment. Each spikelet position number was di-
vided by 1.0 plus the total spikelet number for that spike.
Every spikelet position number was thereby converted to a
spikelet location value based on the (0,1) inte~al. This
scaling procedure also produced more morphologically
meaningful data. For example, we cannot realistically dis-
cuss any yield parameter of interest concerning the fifth

spikelet position without also conditioning on the total spi-
kelet count. On the other hand, if we were to examine a
yield parameter that occurred at the 0.25 spikelet location
value, it is immediately apparent that we are referring to
an event occurring 1/4 of the way up the spike axis, re-
gardless of the total spikelet count. A more thorough dis-
cussion of the merits of the scaling procedure, as well as a
presentation of the formal statistical analysis of main-spike
yield components conditional on spikelet location and/or on
kernel position, is given in Lesch et al. (1992).

Figures la through 4c were generated by use of the scal-
ing procedure. All spikelet position numbers were first con-
verted to spikelet location values within each of the analyzed
spikes. Averaged yield parameters were then computed by
averaging the kernel number or weight data within each
treatment level. The spikelet location values were then mul-
tiplied by mean spikelet values (Table 1) to show simul-
taneously the reduction in the mean spikelet count and
changes for kernel weight and/or numbers per spikelet.

RESULTS

Whole Spike Response to Salinity

Spike Length, Spikelet Number

A major effect of salinity on mainstem development
was the decrease in the number of primordia, both
foliar and floral, that were initiated by the shoot mer-
istem. The mean numbers of leaves on the main axis
of Yecora Rojo plants (n = 30 for each treatment)
grown at -0.05, -0.65, and -0.85 MPa were 8.6,
7.8 and 7.1, respectively. For Anza, the mean num-
bers of leaves were 10.1, 9.5 and 9.0, respectively.
Salt stress significantly (or = 0.01) reduced the num-
ber of spikelets on spikes of both cultivars, resulting
in shorter spikes with fewer spikelets (Table 1). Ye-
cora Rojo produced 19% fewer spikelets at 0s = - 0.65
and 32% fewer at Os = -0.85 MPa than at 0s =
- 0.05 MPa, while Anza produced 11 and 25% fewer
spikelets in the corresponding salinity treatments.

Kernel Number per Spike and per Spikelet

The main-spike yield components of Yecora Rojo
and Anza showed striking genotypic differences in
response to salinity (Table 1). The decrease in kernel
number per Anza spike was consistent and significant
as salinity stress increased from -0.05 to -0.85 MPa.

Table 1. Effects of salinity on the yield components of the main spike of two wheat cultivars. Values are the means of 30
measurements.

Total
Osmotic Spike Spikelets Kernels Kernels grain wt. Dry wt.
potential length per spike per spike per spikelet per spike per kernel

MPa mm no. mg
Yecora R~o

-0.05 96.9a~ 21.2a 39.2a 1.8b 1423b 36.9b
-0.65 88.7b 17.2b 36.4a 2.1a 1657a 45.4a
-0.85 75.0c 14.4c 20.8b 1.4c 755c 35.9b

-0.05 90.5a 23.2a 49.0a 2.1a 1605b 32.8b
-0.65 77.9b 20.7b 44.3b 2.1a 1810a 41.0a
- 0.85 71.9c 17.5c 39.5c 1.3a 1613b 40.8a

Within columns and cultivars, means followed by a different letter are significantly different at the 0.05 probability level according to Tukey’s
Studentized Range Test.
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Fig. 1. Effect of salt level on (a) mean number of kernels and, (b) mean grain weight, at each spikelet position on mainstem spikes
of Yecora Rojo wheat grown at -- 0.05, -- 0.65, and -0.85 MPa. Each data point is the mean of 30 plants. Pooled SE for kernel
number = 0.094 kernels; pooled SE for grain weight = 3.496 mg.

In contrast, kernel number on Yecora Rojo spikes was
not significantly reduced by the -0.65 MPa treat-
ment, but kernel number on spikes grown at -0.85
MPa was only about half that on the control spikes.

Kernel number per Anza spikelet was unaffected by
either salinity treatment and was not significantly dif-
ferent from the control value. Kernel number in the
Yecora Rojo spikelets increased over that in the con-
trol spikelets in response to 0, = -0.65 MPa and
then decreased as 0, decreased to -0.85 MPa.

Kernel Weight and Kernel Weight per Spikelet

Kernel weight of both genotypes grown at -0.65
MPa was about 20% higher than the controls (Table
1). Increased salinity had no further effect on Anza
kernel weight. Yecora Rojo kernel weight in the -0.85
MPa treatment, however, was reduced and was not
significantly different from the control. As salinity
increased from -0.05 MPa to -0.65 MPa, the mean
weight per Yecora Rojo spikelet rose from 67.1 mg
to 96.3 mg as a result of increases in both kernel
weight and kernel numbers (calculated from Table 1).
At the same salt level, the increase in mean weight of
Anza spikelets from 69.2 mg to 87.4 mg was strictly
dependent on increased kernel weight. At -0.85 MPa,
mean weight of the Anza spikelets increased to 92.2
mg, while the weight of Yecora Rojo spikelets de-
creased to 52.4 mg.

Main-Spike Grain Yield Main-spike grain yield of
Anza was consistently higher than that of Yecora Rojo

in all treatments (Table 1). The Anza yield was 10%
greater than the Yecora Rojo spike at - 0.05 and - 0.65
MPa (or = 0.05), and at -0.85 it was twice that 
Yecora Rojo. A comparison of main-spike yield com-
ponents in the -0.05 and -0.65 MPa treatments
showed that while the number of spikelets of both
cultivars decreased with salinity, grain weight in-
creased. The 12% increase in Anza main-spike yield
resulted solely from increased kernel weight as the
number of kernels per spikelet did not change and
kernel number per spike decreased. The 16% increase
in Yecora Rojo main-spike yield was a consequence
of increases in both kernel weight and kernel numbers
per spikelet. Anza main spikes subjected to -0.85
MPa set 20% fewer kernels than the controls. Increase
in dry matter accumulation by the remaining kernels,
however, fully compensated for the loss of kernel
number, and the total grain weight per spike was not
significantly different from the nonsaline control spikes.
Although kernel weight in Yecora Rojo salinized
at- 0.85 MPa was not different from the control val-
ues, the drastic reduction in kernel number resulted in
a 47% decrease in main-spike yield.

Kernel Number Conditional on Spikelet Location

The influence of salinity on the general pattern of
kernel distribution in main spikes and on the contri-
bution of the different spikelets to total kernel number
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Fig. 2. Effect of salt level on (a) mean number of kernels and (b) mean grain weight, at each spikelet position on mainstem spikes
of Anza wheat grown at -0.05, --0.065, and --0.85 MPa. Each data point is the mean of 30 plants. Pooled SE for kernel
number = 0.091 kernels; pooled SE for grain weight = 3.052 mg.

is shown for Yecora Rojo (Fig. la) and Anza (Fig.
2a). Florets in the distal spikelets of both cultivars

seemed to be less sensitive to salt stress than those in
the basal spikelets. The distal spikelets of Yecora Rojo
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Fig. 3. Effect of salinity on kernel weight at floret positions a, b, c at each spikelet position on mainstem spikes of Yecora Rojo
wheat grown at three osmotic potentials. Each data point is the mean of 30 plants. Pooled SE = 1.222, 0.831, and 1.130 mg
for q~, = -- 0.05, -- 0.65, and -- 0.85 MPa, respectively.
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Fig. 4. Effect of salinity on kernel weight at floret positions a, b, c at each spikelet position on mainstem spikes of Anza wheat

grown at three osmotic potentials. Each data point is the mean of 30 plants. Pooled SE = 0.930, 0.613, and 0.680 mg for ~,
= - 0.05, - 0.65, and -- 0.85 MPa, respectively.

grown at both salinity levels contained more kernels
than those in the control spikes. For example, mean
kernel numbers in the terminal spikelets on main spikes
of Yecora Rojo grown at osmotic potentials of - 0.05.
-0.65, and -0.85 MPa were 0.5, 1.75, and 1.2,
respectively. Kernel number in the basal spikelets of
plants salinized at -0.65 MPa was equal to the con-
trol and greater than the -0.85 MPa treatment. Ker-
nel number in the central spikelets from the -0.65
MPa treatment was equal to or greater than that of the
controls.

Spike development, in terms of spikelet differentia-
tion and floret initiation, begins in the region =40%
above the basal end of the rachis and proceeds acro-
petally and basipetally (Fisher, 1973). The older, cen-
tral spikelets are the first to reach anthesis and generally
are sites of maximum grain set. Regardless of salinity
treatment, spikelets in the basal and distal regions of
the spike were lower yielding than the central spike-
lets.

Despite the reduction in number of spikelets on Ye-
cora Rojo spikes stressed at -0.65 MPa, the in-
creased frequency of grain set, particularly in the central
spikelets, was completely compensatory and the num-
ber of kernels per spike was not significantly different
from the controls. Yecora Rojo spikes salinized at
-0.85 MPa rarely set more than two kernels per spi-
kelet. The number of kernels in the central spikelets
of Anza controls was lower than in the central spi-
kelets of plants grown at either salinity level. Salt
level had little effect on grain set in the distal spikelets
of Anza. Mean number of kernels in Anza terminal
spikelets was = 1.4, regardless of treatment.

Grain Weight per Spikelet Location

The effect of salinity on the profile of grain weight
at each spikelet position is shown for Yecora Rojo

(Fig. lb) and Anza (Fig. 2b). In the central spikelets
of both cultivars stressed at - 0.65 MPa, grain weight
was markedly greater than in the controls. At -0.85
MPa, grain weight in all Yecora Rojo spikelets was
less than the controls. In contrast, spikelets of Anza
stressed at -0.85 MPa were generally more produc-
tive than the corresponding control spikelets. For ex-
ample, grain weight in the terminal spikelet was 32,
50, and 61 mg in Anza spikes grown at -0.05, -0.65
and -0.85 MPa, respectively.

Kernel Weight Conditional on Position
within the Spikelet

The final weight of a kernel depends on the spikelet
and floret position at which it occurs. The earlier an-
thesis of the fiorets in the central spikelets seems to
give their grain an initial advantage, which is even-
tually manifested in higher growth rates and greater
dry matter accumulation (Rawson and Evans, 1970).
Thus, kernels in the central spikelets are generally
heavier than those in the basal spikelets, while kernels
in the distal spikelets are the lightest.

Within the central spikelets, at least, the kernel in
the b floret is usually the largest and is followed, in
decreasing size, by the kernels in a, c, and the more
distant floret positions (Rawson and Evans, 1970;
Bremner and Rawson, 1978).

Weights of individual kernels at specific floret po-
sitions at each spikclet location are shown for Yecora
Rojo (Fig. 3) and Anza (Fig. 4) spikes. Regardless 
treatment, kernel weight in the central spikelets of
both genotypes followed the general response outlined
above: b > a >> c. A kernel on spikes stressed at
-0.65 MPa was, in most cases, heavier than one in
the corresponding position from the control spike. For
example, in the spikelet at the midpoint of the Yecora
Rojo control spike, the kernel in floret position a
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weighed 40 mg, in b 43 mg, and in c 32 mg. In the
middle spikelet of the Yecora Rojo spike stressed at
-0.65 MPa, these values were a = 50 mg, b = 54
mg, and c = 41 mg. Similarly, dry matter accumu-
lation by kernels in the central spikelets of Anza was
also stimulated by salinity. Yield compensation in Anza
main spikes salinized at Os = -0.85 MPa was, in
part, attributable to the competency of floret c in the
central spikelets. The sensitivity of Yecora Rojo to
stress at -0.85 MPa is illustrated by the reduction of
kernel weight in florets a and b and the failure of floret
C.

DISCUSSION

The maximum number of spikelet primordia that
can be produced by a wheat apex is under simple
genetic control, with dominance for high spikelet
number (Rahman et al., 1977, 1978). The interaction
of the genotype with the environment is important in
determining final spikelet number. Spikelet initiation
and number are sensitive to such factors as irradiance
(Friend, 1965; Rahman et al., 1977; Halse and Weir,
1974), temperature (Rahman and Wilson, 1978), pho-
toperiod (Rawson, 1971; Rahman and Wilson, 1977b),
nutrient supply (Frank and Bauer, 1982, 1984), water
status (Oosterhuis and Cartwright, 1983; Frank et al.,
1987), and salinity (Maas and Grieve, 1990). In gen-
eral, conditions that stimulate floral induction reduce
spikelet number by hastening the formation of the ter-
minal spikelet (Evans et al., 1975). Final spikelet
number is the product of the rate of spikelet primordia
initiation (SPI) and the length of the SPI phase (Rah-
man et al., 1977). Rahman and Wilson (1977b) sug-
gested that conditions that stimulate the activity of one
process usually inhibit the activity of the other factor.
There is, however, evidence that this inverse relation-
ship is not invariable, and that the rate and duration
of SPI are independent characters, presumably under
separate genetic control (Rahman and Wilson, 1977a).
Reduction in spikelet numbers and acceleration of ap-
ical development in salt-stressed wheat have been re-
ported (Bastianpillai et al., 1982; Maas and Grieve,
1990); however, the influence of salinity on rate and
duration of SPI has not as yet been established.

Generally, conditions such as high temperature, long
days, and water deficit that reduce spikelet number
also reduce floret number and grain set per spikelet.
Salinity, in common with the other stress factors, also
limits spikelet number, but, depending on the geno-
type and the level of stress, may have no influence or
may even increase the frequency of grain set. Al-
though spikelet number in Yecora Rojo grown at -0.65
MPa was reduced, grain set was completely compen-
satory and kernel number from these spikes was not
significantly different than the controls. The formation
of additional sink sites in salt-stressed spikelets in re-
sponse to salinity has been observed previously (Maas
and Grive, 1990). The increase in grain set in the
Yecora Rojo spikelet suggests that this genotype has
a greater potential for floret survival than is realized
under nonstress conditions. Normally wheat spikelets
bear two to five perfect lower florets and several par-
tially developed upper florets (Sibony and Pinthus,
1988; Kirby, 1988). These distal florets may abort

only because the carbohydrate supply is inadequate
for their complete development (Bingham, 1969). Un-
der salt stress, Yecora Rojo may produce and store
greater concentration of carbohydrates or may trans-
locate and partition the reserves to meet floret require-
ments more efficiently than in the nonsaline shoot.
Alternatively, the presence of additional florets may
increase the sink size or strength to such a degree that
the supply of source assimilates increases in response
to the increased demand. Bingham (1969) has sug-
gested that sink characteristics that increase assimilate
demand can directly influence net assimilation rate as
well as translocation patterns.

Under moderate salinity stress ( - 0.65 MPa), main-
spike yield obviously was not limited by the pool size
of photosynthates. The increase in total kernel weight
of the salinized mainstems indicates that carbohydrate
supply to the spikes was, in fact, enhanced. Both Ye-
cora Rojo and Anza exhibited considerable plasticity
in the expression of the storage capacity of the indi-
vidual kernels, and exploited the capacity to accept
assimilates in response to salt stress.

Yield stability, a measure of the variation between
potential and actual yield of a genotype across chang-
ing environments, is often the result of yield compo-
nent compensation (Bruckner and Frohberg, 1987).
The compensation response is common in cereals (Ad-
ams and Grafius, 1971) and may indicate that, even
under optimum conditions, growth is limited by as-
similate supply (Gifford et al., 1973). The yield sta-
bility of main spikes of Yecora Rojo and Anza in
response to salt stress, largely the result of the inverse
relationship between kernel weight and number, sug-
gests that the ultimate kernel weight in the nonsaline
spikes might have been greater had adequate source
carbohydrates been available to the grain during the
grain-filling period. This period is a time of active
competition for assimilate supplies. Vegetative struc-
tures may retain photosynthates for their own growth
rather than exporting source reserves to the grain.
Among the factors that may have contributed to yield
compensation in salt-stressed wheat are reduction in
assimilate requirements of vegetative organs, decrease
in the retentive properties of the vegetative organs,
increase in source reserves, and more efficient utili-
zation of assimilate supplies.

Although tillers are generally considered autono-
mous (Evans et al., 1975), there is some evidence that
mechanical removal of tillers increases main-spike yield,
primarily by increasing kernel number rather than by
increasing kernel size (Martinez-Carrasco and Thorne,
1979; Kemp and Whingwiri, 1980). Therefore, com-
petition among culms on the same plant for assimilates
may also influence spike development and may limit
main-spike grain yields. The reduction of both inter-
and intra-plant competition by salinity may have con-
tributed to the strong compensatory effects in main-
spike grain set and size that were observed in this
study.

Reduction in total grain yield in salt-stressed wheat
occurs primarily through inhibition of tillering capac-
ity (Maas and Grieve, 1990). Fewer spikes are pro-
duced per unit area and interplant competition for light,
nutrients, and water is reduced. However, plant pop-
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ulation density is an important factor in the effect of
salinity on tillering. Francois et al. (1986) reported
that 'Probred', a Mexican semidwarf hard red spring
wheat, and 'Aldura' and 1000-D' durum wheat pro-
duced fewer than two spikes per plant when planted
at a density of 267 seeds m~^ under nonsaline field
conditions and found no reduction in tiller number at
salinities that reduced grain yield by up to 30%. In
contrast, and despite approximately the same plant
population density, Probred and Aldura produced nu-
merous tillers in small tanks in the greenhouse, where
plants could take advantage of large border effects; in
that case, salinity greatly reduced tillering (Maas and
Grieve, 1990). We have also observed that under the
same field conditions as above, Yecora Rojo and Anza
produced several tillers when planted at 167 plants
m~2 and that increasing soil salinity markedly de-
creased the number of tillers (Francois et al., 1989,
unpublished data). Those data indicate that the salt-
tolerance threshold for Yecora Rojo and Anza may be
similar to that of Probred.

Wheat production on salt-affected areas might ben-
efit, therefore, from a higher planting density that could
partially compensate for the reduction in number of
tiller spikes per unit area. This practice should be con-
sidered along with the strategy of using saline drain-
age waters for irrigation as advocated by Rhoades et
al. (1989). In fact, some irrigated soils around the
world are already sufficiently saline or have saline
groundwaters within the root zone that cause reduced
yields (Eckholm, 1975).
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