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Abstract 

Large initial seed size frequently confers distinct advantages on cereal crops in terms of seedling vigor, 
hardiness, improved stand establishment, and higher productivity. This study was conducted to 
determine if these advantages inherent in the plants grown from large seeds persist when the crop is 
subjected to salinity stress. Two hard red spring wheat cultivars, 'Yecora Rojo' and 'Anza' were grown 
in greenhouse sand cultures from seed of two size classes that differed in weight by a factor of 2. The 
cultures were irrigated four times daily with complete nutrient solutions to which NaCI and CaCI 2 (2:1 
molar ratio) were added to achieve osmotic potentials of -0.05. -0.55, and -0.70 MPa with electrical 
conductivities of 1.8, 12.8, and 15.8 dS m -1, respectively. In response to both salinity and small initial 
seed size, the following plant characteristics decreased: leaf appearance rate, blade area, tillers per 
plant, spikelets per spike and seeds per spike. Plants grown from large seeds out-yielded those from 
small seeds by 8, 37, and 27% for Yecora Rojo and by 15, 30, and 23% for Anza at osmotic potentials 
of -0.05,  -0.55 and -0.70 MPa, respectively. Compared to the corresponding nonsaline controls, the 
yield of Yecora Rojo grown at -0.55 MPa was 51% for the plants from large seed and 35% from the 
small seeds. For Anza salinized at -0 .55MPa,  these values were 49 and 40%, respectively. 
Exploitation of the benefits derived from large initial seed size may be a cost-effective management 
strategy for improving wheat productivity in salt-affected areas. 

Introduction 

Wheat seed size characteristics affect immediate 
seedling success primarily through their influence 
on the rates of expansion of the first 2 leaves 
(Peterson et al., 1989). Because this effect fre- 
quently persists with time, differences in initial 
seed size have a direct effect on hardiness 
(Freyman, 1978), vigor (Austenson and Walton, 
1970; Carver, 1977), and total photosynthetic 
area (Halloran and Pennell, 1982). Studies on 
the relation between seed size and yield have 
given conflicting results. Several investigators 
have found that the advantages derived from 

large initial seed size were limited to the early 
stages of growth and did not contribute to 
increased wheat yield (Mian and Nafziger, 1992; 
Srivastava and Nigam, 1973). In contrast, the use 
of large seeds has frequently been shown to 
improve stands with more vigorous plants that 
significantly out-yield plants derived from small 
seeds (Hampton, 1981; Puri and Qualset, 1978; 
Randhawa et al., 1973). The yield advantage 
from the large seed is most likely obtained from 
those specific yield components that are deter- 
mined during early growth (Wood et al., 1977). 
Therefore, yield increases are primarily the re- 
sult of greater numbers of spikes per unit area 
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and more spikelets per spike, and to a lesser 
extent, higher individual seed weight and more 
seed per spikelet (Pinthus and Osher, 1966). 

A close positive relationship exists between 
seed size and embryo size. Bremner et al. (1963) 
established that large wheat embryos (mean 
weight = 0.52 mg) contained three leaf primor- 
dia, while small embryos (mean weight= 
0.35mg) containing only 1.5 primordia. 
However, these investigators found that after 
imbibition, small embryos initiated additional 
leaf primordia at a faster rate than the large 
embryos so that after six days the numbers of 
leaf primordia in both embryo classes were 
identical. Differences in growth rate of large and 
small embryos may affect very early stages of 
development. Lafond and Baker (1986b) found 
that small seeds not only germinated faster than 
large seeds, but that their seedlings also emerged 
more quickly (Lafond and Baker, 1986a). Nei- 
ther of these response appeared to be related to 
differences between the seed-size categories in 
the rate of water uptake (Lafond and Baker, 
1986b). Other investigators, in contrast, have 
reported that emergence rate is not significantly 
affected by seed size (Peterson et al., 1989); 
Pinthus and Osher, 1966). 

In general, studies of the effect of seed size on 
the yield of wheat have been conducted under 
optimum management conditions. From such 
experiments, several investigators have inferred 
that the use of larger seeds may be advantageous 
for the production of wheat, particularly spring 
wheat, under suboptimal growing conditions (Jha 
et al., 1985; Mian and Nafziger, 1992). 

Although information is available on the in- 
dividual effects of salinity and initial seed size on 
growth characteristics and yield of wheat, there 
are no reports on the interaction of these factors. 
If the positive correlation between improved 
plant characteristics and large initial seed weight 
is retained or increased when the plants are 
grown to maturity under saline conditions, this 
finding may provide a useful management 
strategy for increasing cereal crop productivity in 
salt-affected areas. Therefore, this study was 
initiated to investigate the effect of salt stress on 
growth, development, yield, and yield compo- 
nents of two hard red spring wheat cultivars 
grown from 2 seed-size classes that differed in 

weight by a factor of approximate 2. The interac- 
tive effects of seed size and salinity were 
evaluated. 

Methods 

Foundation seed of the wheat cultivars, Yecora 
Rojo and Anza, was obtained from the Califor- 
nia Crop Improvement Association. Plump, 
whole seeds of both cultivars were sorted by 
hand into two size classes, small (S) and large 
(L), and batches of 100 seeds were weighed. 
Mean seed weight for the two size classes were 
29.6 --- 0.08 mg (S) and 61.3 -+ 0.07 mg (L) for 
Yecora Rojo and 23.2---0.03 mg (S) and 4 9 . 1 -  
0.06mg (L) for Anza. Plants were grown in 
eighteen sand tanks in a greenhouse at the US 
Salinity Laboratory in Riverside, CA. The tanks 
(1.2 by 0.6 by 0.5-m deep) contained washed 
sand with an average bulk density of 1.2Mg 
m -3. At saturation, the sand had an average 
volumetric water content of 0.43 m 3 m -3. Nine 
tanks were used for each cultivar. On 11 Jan 
1991 seeds of each size class were planted in four 
rows per tank. The rows were spaced 15 cm 
apart with 25 seeds per row. Sowing depth was 
approximately two cm. The plants were irrigated 
four times daily with a modified Hoagland's 
nutrient solution consisting of 2.5 mM 
Ca(NO3)2, 3 .0mM KNO3, 0.17mM KH2PO4, 
1.5mM MgSO4, 5 0 ~ M  Fe as sodium ferric 
diethylenetriamine pentaacetate (NaFeDTPA), 
23/~M H3BO3, 5/xM MnSO4, 0.4/zM ZnSO4, 
0.2/zM CuSO4, and 0.1 ~M H2MoO 4 added to 
local tap water. Each irrigation cycle continued 
about 15min 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 evapotranspira- 
tion was replenished automatically each day in 
each reservoir to maintain constant osmotic 
potentials (0) in the solutions. The solution pH 
was maintained between 5.5 and 6.0 by adding 
H 2 S O  4 as  required. The base nutrient solution 
served as the -0.05 MPa control. Two salinity 
treatments with ~O = -0.55 and -0 .70 MPa were 
imposed by adding NaCI and CaC12 (2:1 molar 
ratio) to the nutrient solutions. These osmotic 
potentials were selected based on observations of 



the growth of salt-stressed wheat conducted at 
our Laboratory (Francois et al., 1986). Electrical 
conductivities of the irrigation solutions were 
1.8, 12.8, and 15.8 dS m -1 for the -0.05, -0.55, 
and -0.70 MPa treatments, respectively. Salina- 
tion began 3 d after planting when the seedlings 
were just emerging. The osmotic potentials of 
the saline treatments were decreased to the 
desired level by incremental additions of the salts 
over three consecutive d to avoid osmotic shock 
to the seedlings. Salination was complete 5 d 
after planting. At this time the approximate 
stage of seedling development (Haun, 1973) was: 
Yecora Rojo (L) 0.8, (S) 0.6; Anza (L) 1.0 and 
(S) 0.8. Treatments were replicated three times. 

Standard meteorological measurements were 
made in the greenhouse with a Class I ag- 
rometerological station. Daytime air tempera- 
tures during the experiment ranged from 19 to 
38°C (mean = 29°C); nighttime from 14 to 23°C 
(mean--20°C). Relative humidity ranged from 
98 to 34%, with a mean of 50% during the day 
and 80% during the night. Lighting was natural 
sunlight through glass. 

In each sand tank, ten plants of each seed-size 
treatment were randomly selected for shoot 
development and final yield measurements. 
Selection was made from plants in the three 
inside rows of each seed size. The two outside 
rows and three to four plants at each end of the 
rows acted as guard rows. Main shoots were 
identified and leaves were tagged as they 
emerged. The developmental stage (Haun, 1973) 
of the select plants was recorded twice weekly. 
The frequency with which these plants were 
handled and measured had no negative effects 
on their growth and development. 

Thirty d after sowing (DAS) and again 
54 DAS, three plants of each seed-size class were 
harvested from each sand tank. In all treatments 
mainstem flag leaves were fully expanded at 
54 DAS. Measurements presented in Table 2 for 
Yecora Rojo blades 1 through 4 and Anza blades 
1 through 5 were taken on day 30 and measure- 
ments of the remaining blades were made on a 
different set of plants sampled on day 54. At 
each harvest, shoot height, stage of development 
of the main stem and each tiller, length and area 
of mainstem blades, and fresh weight were 
determined. Blade area was measured with a 
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Li-Cor 3000 portable area meter*. Shoots were 
oven-dried at 70-75 ° for 48 h and reweighed. 

The select plants in each tank were harvested 
as they matured; those in the -0.70 MPa treat- 
ment matured approximately 2 weeks earlier 
than the nonsaline control. Anza matured about 
10 d later than Yecora Rojo. The culms on each 
select plant were identified and for each main 
stem and tiller the following were determined: 
height, number of leaves, spike length and 
weight, numbers of spikelets and seeds, and seed 
weight per spike. Tiller identification followed 
the method of Klepper et al. (1982). Total straw 
weight per plant was determined. The remainder 
of the plants in each tank were harvested; main 
and tiller spikes were counted, weighed and 
threshed. Yield results obtained from these 
plants were similar to those from the select 
plants. Straw was oven-dried at 70-75°C for 48 h 
and weighed. Straw and seed yield per plant 
were determined. 

Leaf appearance rate [leaves (°Cd) -L] of the 
select plants was determined by regression of the 
number of emerged mainstem leaves (Haun 
number) against thermal time (°Cd). The 
phyllochron, the reciprocal of leaf appearance 
rate, is expressed in (°Cd) leaf 1. Harvest index 
is expressed as a percentage of the ratio of grain 
weight to the weight of the total aboveground 
biomass. 

Split plot design was used to evaluate differ- 
ences between seed size and among salinity 
treatments, as well as to identify seed size × 
salinity interactions, according to standard analy- 
sis of variance procedures (SAS, 1985). 

Results and discussion 

Shoot growth and development 

Differences in initial seed weight had a 
pronounced effect on the vegetative characteris- 
tics of both cultivars. Compared to plants de- 
rived from small seeds, those from large seeds 
were more vigorous as indicated by greater 

*Mention of company names  or products is for the benefit of 
the reader and does not imply endorsement ,  guarantee ,  or 
preferential t rea tment  by the U S D A  or its agents.  
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increases in plant height and accumulated flesh 
and dry weight (data not shown). Leaf appear- 
ance rate of both cultivars showed a significant 
seed size x salinity interaction (Table 1). 
However, the cultivars exhibited a striking dif- 
ference in leaf appearance rate in response to 
salt stress. Yecora Rojo leaf appearance rate was 
relatively insensitive to salt stress, while the 
appearance rate of Anza leaves decreased as 
salinity increased. For both cultivars, however, 
leaf appearance rate was highly correlated with 
seed size, although this response was expressed 
differentially by the cultivars. Under nonsaline 
conditions, Anza leaf appearance rate was simi- 
lar for both seed sizes, but in the presence of 
salinity, leaves appeared more slowly on the 
plants derived from small seeds than from large 
seeds. Compared to Anza, the trend for Yecora 
Rojo leaf development was less consistent, but 
leaf appearance rates for both seed sizes grown 
at -0.70 MPa were similar. The absence of an 
effect of seed size on leaf development of Anza 
controls is in agreement with the results of 
Peterson et al. (1989) who found that the leaf 

appearance rate of 'Stephens' wheat grown 
under optimum conditions was independent of 
the initial seed weight. The decrease of leaf 
appearance rate and increase of time between 
successive leaf stages (phyllochron) in response 
to salinity has been reported previously (Maas 
and Grieve, 1990). 

The influence of seed size on mainstem leaf 
production was clearly demonstrated by the 
Haun values of 30-day-old seedlings as well as by 
the final number of mainstem leaves on the 
54-day-old plants (Table 1). At both sampling 
dates, the effects of salinity and seed size on leaf 
number were highly significant, although the 
cultivars differed in the expression of this re- 
sponse. The final number of mainstem leaves on 
Yecora Rojo plants grown from large seeds for 
both the nonsaline and -0 .55MPa treatment 
was significantly greater than the number of 
leaves on plants grown from small seeds. Re- 
gardless of seed size, however, mainstems of 
Yecora Rojo grown at -0.70 MPa produced only 
7 leaves. In contrast, the initial size of Anza 
seeds had no effect on the number of leaves on 

Table i .  Effect of  salinity and initial seed size on leaf development  of  2 wheat  cultivars. Values are the means  of 30 plants 

Osmot ic  Seed 
potential  size 
(MPa) 

Leaf  appearance rate Phyllochron Mains tem leaves a 

[Leaves (°Cd)- l ]  °Cd leaf-1 Day 30 Day  54 
(no.) (no.) 

Yecora Rojo 
- 0 . 0 5  L 

S 
- 0 . 5 5  L 

S 
- 0 . 7 0  L 

S 
P > F b salt 
P > F seed size 
P > F seed x salt 

A n z a  
- 0 . 0 5  L 

S 
- 0 . 5 5  L 

S 
- 0 . 7 0  L 

S 
P > F salt 
P > F seed size 
P > F seed x salt 

0.00849 118 5.2 8.4 
0.00841 119 5.0 8.1 
0.00846 118 4.9 7.5 
0.00802 125 4.5 7.1 
0.00829 121 4.8 7.0 
0.00824 121 4.5 7.0 
0.2866 0.0026 0.0003 
0.0010 0.0001 0.0140 
0.0045 0.1445 0.0679 

0.00900 111 5.6 10.3 
0.00900 111 5.6 10.3 
0.00901 111 5.3 9.3 
0.00873 115 5.0 9.2 
0.00851 118 4.9 8.7 
0.00784 128 4.2 8.2 
0.0022 0.0002 0.0001 
0.0003 0.0006 0.0190 
0.0019 0.0058 0.0470 

aHaun values. 
bProbability that  a significant F value would occur by chance. 



the control plants at either sampling date. 
However, Anza leaf number decreased signifi- 
cantly with increasing salinity. Variation in final 
leaf number was undoubtedly related to the 
amount of endosperm reserves rather than to 
differences in the number of leaf primordia 
initially present in the embryos of the two seed 
sizes (Bremner et al., 1963). However, com- 
parisons of the effects of salinity on the depletion 
of seed reserves as well as on primordia initiation 
by large and small embryos would be of great 
interest. 

Comparison of mainstem blade areas was 
complicated by the variability in mainstem leaf 
number as expressed by each genotype and was 
exacerbated by treatment effects (Table 2). For 
example, under nonsaline control conditions the 
flag leaf on Yecora Rojo mainstems grown from 
small seeds was generally leaf number 8, while 
about half of the plants from large kernels 
produced 9 leaves. In response to salinity stress 
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at -0.70MPa,  plants derived from both seed 
sizes had only 7 mainstem leaves. The difficulties 
inherent in any meaningful statistical evaluation 
of treatment effects are evident: leaf 7 of Yecora 
Rojo may be the flag leaf, the penultimate leaf, 
or the flag leaf minus 2. Therefore, statistical 
analyses are presented only for Yecora Rojo 
blades 1 to 6 and Anza blades 1 to 8. 

Within each seed size or salinity treatment, 
blade area progressively increased with succes- 
sive main stem leaves (Table 2). With few 
exceptions, the areas of mainstem blades of both 
cultivars were significantly decreased by seed 
size as well as by salinity. There appears to be no 
consistent interactive effect between seed size 
and salinity on blade area. Since both of these 
factors have been implicated in the reduction of 
total photosynthetic area of the mainstem, it 
seems likely that the resulting limitation in 
assimilate resources would also influence main- 
stem reproductive development as well as tiller- 

Table 2. Effect of salinity on mainstem blade area of 2 wheat cultivars grown from 2 seed size classes. Values are the mean of 
nine plants except where noted 

Osmotic Seed Blade number  
potential size 
(MPa) 1 2 3 4 5 6 7 8 9 10 11 

Blade area 
(m 2 X 10 4) 

Yecora Rojo 
0.05 L 4.14 7.11 11.75 16.50 20.66 25.53 30.84 34.69 34.3T' 

S 2.69 4.83 8.46 13.85 17.62 22.22 27.65 31.77 
-0 .55  L 3.54 5.58 8.87 11.82 12.75 14.35 14.54 10.89 ~ 

S 2.67 3.89 5.84 8.59 10.37 12.50 12.50 
-0 .70  L 2.88 4.75 7.38 9.20 10.03 11.08 10.92 

S 1.71 3.35 5.31 6.80 6.93 8.15 8.15 
P > F" salt 0.0053 0.0060 0.0014 0.0004 0.0001 0.0014 
P > F seed size 0.0046 0.0015 0.0002 0.0016 0.0025 0.0007 
P > F seed x salt 0.7556 (1.7778 0.2179 0.9160 0.8781 0.3991 

Anza 
0.05 L 3.34 5.86 9.16 14.44 19.70 22.77 26.46 30.89 37.33 39.05 

S 2.33 4.32 7.56 11.98 17.19 19 . ( 17  24.86 29.13 32.50 38.67" 
-0 .55  L 2.52 4.15 6.50 9.62 12.00 13.52 14.72 17.98 21.32 24.57 b 

S 1.35 2.98 4.83 7.38 9.57 11.21 13.77 17.12 20.68 22.4Y ~ 
-0 .70  L 1.89 3.68 5.52 7.78 9.78 11.82 12.55 10.09 7.31 c 

S 1.41 2.75 4.29 5.52 7.21 8.86 9.01 7.45 4.68 ~ 
P > F salt 0.0827 0.0022 0.0001 0.0003 0.0002 0.0001 0.0002 0.0001 
P > F seed size 0.0045 0.0588 0.0021 0.0483 0.0001 (I.0001 0.0012 0.0186 
P > F seed x salt 0.0282 0.0729 0.0002 0.0013 0.7171 0.0974 0.0976 0.2910 

41.44 b 

~Mean of 5 plants; bMean of 4 plants; CMean of 3 plants; ~Mean of 2 plants; ~Probability that a significant F value would appear 
by chance. 
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ing capacity,  and ultimately the components  of 
yield (Hal loran and Pennell, 1982; Maas and 
Grieve,  1990; Peterson et al., 1989). 

Tillers 

Plants derived f rom large seeds were more  
capable  of initiating and maintaining productive 
tillers than plants f rom small seeds. Differences 
in seed size and salinity level had major  effects 
on the number  and patterns of the surviving 
tillers of both cultivars (Table 3). Under  non- 
saline conditions, Yecora Rojo  (S) had substan- 
tially fewer pr imary and secondary tiller spikes 
than did Yecora Rojo  (L). Regardless of seed 
size, the coleoptilar tiller (TO) failed to form on 
Yecora  Ro jo  grown at - 0 .55  MPa. Relative to 
Yecora  Rojo  (L), the proport ion of Yecora Rojo  
(S) plants with T1 spikes decreased while plants 
with T2 increased. At  - 0 . 7 0  MPa,  plants f rom 
the two seed-size classes skipped both TO and T1 
and only about  25 to 30% of the plants (n = 60) 
produced any tillers at all. Anza exhibited a 
slightly different tillering pattern.  While TO was 
not produced by Anza (L) control,  this tiller was 
present  on 7% of the Anza (S) plants and was 
absent  in all other t reatments .  At  -0 .55  MPa,  

more than half of the Anza (L) plants produced 
T2, while only 10% of Anza (S) had a T2 spike. 
The highest salinity stress inhibited spike forma- 
tion of both T1 and T2 on all Anza  plants, and 
only T3 and T4 appeared.  

Prior to the t ime of emergence f rom their 
subtending leaf sheath, tillers are entirely depen-  
dent on the main shoot for photosynthates  and 
nutrients. Therefore ,  emerging mains tem leaves 
and the tiller buds in the axils of the older 
mainstem leaves are compet ing for available 
resources. Differences in substrate partitioning 
between the competing sinks may contribute to 
the patterns of culm morphogenesis  shown in 
Table 3. Compared  to small seeds, the energy 
reserves present  in large seeds give rise to 
vigorous seedlings that are capable of  earlier and 
more  successful tillering when the plants become  
autotrophic. In response to salinity, however ,  
the pool of available assimilates may be reduced. 
If  the main stem has priority for these limited 
resources, the amounts  available for tiller bud 
growth may be inadequate.  A min imum main- 
stem leaf area may be necessary before the main 
shoot can accumulate and export  resources in 
sufficient quantities to support  tiller format ion 
and growth. Under  saline conditions, the critical 

Table 3. Tiller spike formation in 2 wheat cultivars as influenced by salinity and seed size. Values are the percentages of plants 
(n = 30) that formed a spike at each tiller position 

Osmotic Seed Tiller identification a Tiller spikes 
potential size per plant 
(MPa) TO T1 T2 T3 T4 Secondary (no.) 

tillers 

(%) 

Yeeora Rojo 
-0.05 L 10 100 93 33 10 47 2.9 

S 7 77 63 13 0 17 1.8 
-0.55 L 0 60 47 23 0 0 1.3 

S 0 13 77 23 0 0 i. 1 
-0.70 L 0 0 13 13 0 0 0.3 

S 0 0 7 23 0 0 0.2 

Anza 
- 0 . 0 5  L 0 97 70 30 0 7 2.1 

S 7 57 47 30 0 7 1.5 
-0.55 L 0 7 57 20 7 0 1.1 

S 0 3 10 20 3 0 0.4 
-0.70 L 0 0 0 20 40 0 0.6 

S 0 0 0 17 20 0 0.3 

aTO = coleoptilar tiller; T1, T2, T3, T4 = primary tillers formed in the axils of mainstem leaves 1, 2, 3, and 4, respectively; 
secondary tillers formed in the axils of the prophylls or leaves of the primary tillers. 
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leaf area may be attained too late for growth of 
the earliest-expected tillers. 

Yield components and total yield per plant 

Salinity significantly decreased spike length as 
well as the numbers of spikelets and seeds on the 
main spikes of both cultivars (Table 4), an 
observation that is consistent with previous re- 
ports (Grieve et al., 1992; Maas and Grieve 
1990). Small initial seed weight also had a 
significant negative effect on these yield parame- 
ters. Decreases in the contribution of these 
components to grain yield may be related to the 
reduction in blade area, and thus assimilate 
availability, at the time these reproductive struc- 
tures were developing. 

The mean weight of Yecora Rojo seeds was 
highest under nonsaline conditions, and tended 
to decrease with increasing salt stress. Mean seed 
weight of Anza increased in response to salinity 
at -0.55 MPa and then decrease as salt stress 
became more severe. Initial seed size had a 

significant effect on mean seed weight of Anza 
main spikes, but not of Yecora Rojo. 

Straw yields of both cultivars declined signifi- 
cantly in response to salinity and were also 
negatively correlated with seed size (Table 4). 
The salinity x seed size interaction was highly 
significant for the straw yield of Yecora Rojo, 
but not for Anza. Harvest Index (HI) provides 
an estimate of the conversion efficiency of dry 
matter to grain yield. Salinity, but not seed size, 
significantly affected the HI of both cultivars. 

Plants derived from large seeds exhibited a 
distinct and significant yield advantage over 
those from small seeds. Under nonsaline control 
conditions, the large seed of Yecora Rojo and 
Anza out-yielded the small seed by 8% and 
15%, respectively. The positive effect of large 
initial seed size on wheat yield is in agreement 
with the results of several investigators. Al- 
though the reported yield differences are vari- 
able and are undoubtedly cultivar dependent, 
the yield advantage of large over small wheat 
seeds has been given as 18% (Kiesselbach, 1924) 

Table 4. Effect of salinity on yield parameters  of wheat  cultivars, Yecora Rojo and Anza,  grown from 2 seed size classes 

Osmot ic  Seed Main stem Grain Straw Harvest  
potential  size Yield yield index 
(MPa) Spike Spikelets Seeds Weight (gp lan t  ~ 1)~'  (gp lan t  1) (%)  

length per spike per spike per seed 
(cm) (no.) (no.) (mg) 

Yeeora Rojo 
- 0 . 0 5  L 9.9 21.9 37.6 48.0 5.12 (100) 2.48 57.1 

S 9.3 20.5 35.6 48.2 4.71 (100) 2.19 57.6 
- 0 . 5 5  L 8.6 16.9 31.6 45.8 2.62 (51) 0.97 61.0 

S 7.6 14.8 26.7 43.4 1.67 (35) 0.58 61.7 
- 0 . 7 0  L 8.5 15.9 29.9 46.6 1.40(27) 0.58 58.2 

S 7.6 14.2 25.4 46.2 1.02(25) 0.42 58.2 
P > F b Salt 0.0012 0.0001 0.0011 0.0120 0.0001 0.0001 0.0022 
P > F Seed size 0.0001 0.0011 0.0001 0.2149 0.0001 0.0001 0.2989 
P > F seed x salt 0.4938 0.3541 0.5954 0.2940 0.0926 0.0001 0.3756 

Anza 
- 0 . 0 5  L 8.3 23.2 47.8 36.8 5.65 (I00) 3.76 50.7 

S 7.8 22.9 41.6 38.9 4.82 (100) 3.16 52.2 
- 0 . 5 5  L 6.7 18.4 36.9 40.9 2.78 (49) 1.59 54.9 

S 6.3 16.2 32.6 42.2 1.95 (40) 1.09 55.0 
- 0 . 7 0  L 6.1 15.2 29.6 37.3 2.07 (37) 1.04 56.2 

S 5.5 13.1 23.3 36.8 1.60 (33) 0.77 56.4 
P > F Salt 0.0012 0.0001 0.0001 (l.0008 0.0001 0.0001 0.0022 
P > F Seed Size 0.ll961 0.0001 0.0001 0.0008 0.0001 0.0001 0.2989 
P > F Seed z salt 0.9502 0.0794 0.6537 0.5146 0.6669 0.3470 0.5999 

"Numbers  in parentheses  indicate relative yield in relation to the corresponding control t reatment .  
bprobability that a significant F value would appear  by chance. 
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3 to 18% ( H a m p t o n ,  1981), 12 to  33% (P in thus  
and  O s h e r ,  1966), and  5 to 8% (Spi lde ,  1989). 

W h i l e  y ie ld  d i f fe rences  b a s e d  on sal ini ty  x 
seed  size i n t e r ac t ion  were  not  s ta t i s t ica l ly  signifi- 
cant ,  i m p r o v e m e n t  in y ie ld  and yie ld  c o m p o -  
nen t s  as a resul t  of  seed  size fo l lowed  a c lear  
t r e n d  u n d e r  sal t  stress.  Y ie ld  supe r io r i t y  of  the  
p l an t s  d e r i v e d  f rom large  seed  was r e l a t ed  to  
i n c r e a s e d  n u m b e r s  of  sp ikes  pe r  p lan t  and  seeds  
p e r  sp ike .  T o t a l  g ra in  weight  of  Y e c o r a  R o j o  (L) 
a v e r a g e d  37% and  27% h igher  than  Yeco ra  R o j o  
(S)  at  subs t r a t e  o smot i c  po ten t i a l s  of  - 0 . 5 5  and  
- 0 . 7 0 M P a ,  respec t ive ly .  A t  the  same  sal ini ty  
levels  A n z a  (L)  o u t - p r o d u c e d  A n z a  (S)  by 30% 
and  2 3 % ,  respec t ive ly .  

O n  a re la t ive  basis ,  gra in  y ie ld  d i f fe rences  
b e t w e e n  seed  sizes were  mos t  p r o n o u n c e d  at  the  
- 0 . 5 5 M P a  sa l in i ty  t r e a t m e n t .  In  r e l a t ion  to  
the i r  c o r r e s p o n d i n g  con t ro l  t r e a t m e n t s ,  yie lds  of  
Y e c o r a  R o j o  (L)  and  Y e c o r a  R o j o  (S)  were  
r e d u c e d  49 and  6 5 % ,  respec t ive ly ,  whi le  A n z a  
(L)  and  A n z a  (S)  y ie lds  were  r e d u c e d  51 and 
6 0 % ,  respec t ive ly .  T h e  re la t ive  yie ld  r educ t ion  
a s soc i a t ed  wi th  the  high salt  t r e a t m e n t  of  
- 0 . 7 0  M P a  s h o w e d  l i t t le  d i f fe rence  b e t w e e n  the  
two  seed  size classes for  e i the r  cul t ivar .  

Conclusion 

C r o p  p r o d u c t i o n  in agr icu l tu ra l  reg ions  a f fec ted  
by  sa l ine  o r  sodic  soils o r  by  w a t e r  suppl ies  of  
p o o r  qua l i ty  r equ i r e s  i m p r o v e d  m a n a g e m e n t  
s t r a t eg ie s  tha t  will min imize  y ie ld  losses.  O n e  
cos t -e f fec t ive  so lu t ion  to  this  cha l l enge  is the  use 
o f  l a rge ,  g r a d e d  seed  when  growing  cond i t ions  
a r e  s u b o p t i m a l .  U n d e r  bo th  sal ine and nonsa l ine  
c o n d i t i o n s ,  spr ing  w h e a t  p lan ts  de r ived  f rom 
h e a v i e r  s eed  p r o d u c e d  l a rge r  l eaves  and  g rea t e r  
s h o o t  b i o m a s s  than  those  f rom smal l  seed.  In-  
c r ea se  in y ie ld  o b t a i n e d  f rom la rge r  seed  were  
a s soc i a t ed  wi th  those  y ie ld  c o m p o n e n t s  tha t  were  
d e t e r m i n e d  dur ing  ear ly  g rowth ,  i .e .  the  num-  
be r s  of  t i l lers  p e r  p l an t  and  sp ike le t s  p e r  spike .  
In  a d d i t i o n ,  sp ikes  on  the  l a r g e - s e e d e d  p lan ts  
c o n t a i n e d  m o r e  seeds ,  p r o b a b l y  as a con-  
s e q u e n c e  of  g rea t e r  p h o t o s y n t h e t i c  leaf  a rea  and  
the  e n h a n c e d  supp ly  of  r e sources  tha t  were  
ava i l ab le  du r ing  f lo re t  m a t u r a t i o n  and  gra in  
se t t ing .  O u r  resul ts  emphas i ze  tha t  the  use of  

large  seed  wou ld  be  an a d v a n t a g e  in the  p r o d -  
uc t ion  of  spr ing  w h e a t  on  sa l t -a f fec ted  areas .  
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