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ABSTRACT
Development of high yielding triticale (X Triticosecale Wittmack)

cultivars may promote an increased acreage of this crop on irrigated
soils in the western United States. Often these soils are, or have the
potential to become, highly saline. Because of the lack of information
on salinity effects on vegetative growth and seed yield of triticale,
the salt tolerance of two cultivars (Beaguelita V and Cananea 79)
was determined in a 2-yr field plot study. Six salinity treatments
were imposed on a Holtville clay [clayey over loamy, montmorillon-
itic (calcareous), hyperthermic Typic Torrifluvent] by irrigating with
waters salinized with NaCl and CaCl, (1:1 by weight). Electrical
conductivities of the irrigation waters were 1.8,2.6, S.I, 7.5,9.6, and
12.2 dS/m the first year, and 1.4, 3.9, 7.9, 12.0,16.0, and 20.3 dS/
m the second year. Grain yield, vegetative growth, and germination
were measured. Relative grain yield for both cultivars was unaffected
by soil salinity up to 7.3 dS/m (electrical conductivity of the satu-
rated-soil extracts in the rootzone). Each unit increase in salinity
above 7.3 dS/m reduced grain yield by 2.8%. These results place
triticale in the salt-tolerant category. Yield reduction resulted pri-
marily from a reduction in spike number rather than from lower
weight per spike or lower weight per individual seed. Salinity re-
duced vegetative growth less than grain yield in Cananea 79 but
more in Beaguelita V. Both cultivars were slightly less salt tolerant
at germination than they were after the three-leaf stage of growth.

Additional Index Words: X Triticosecale, Cultivar, Salt tolerance,
Sodium chloride, Calcium chloride.

TRITICALE is a polyploid produced by doubling the
chromosome number of the sterile hybrid that

results from a cross between wheat, Triticum aestivum
L. em Thell (group aestivum) or T. turgidum L. (group
durum), and rye, Secale cereale L, (2).

In 1954, the University of Manitoba, Winnipeg,
Canada, began an intensive program to develop high-
yielding triticales (2). Many of the best triticale lines
from all sources were intercrossed. In the process, both
winter and spring types were developed. Because the
breeding material lacked winter hardiness, emphasis
was directed primarily toward spring types.

Ten experimental spring-type triticales obtained
from this Canadian research program were grown at
five different climatic locations in the United States
in 1967 (2). Performance of these ten triticales was
disappointing because of poor adaptation. Seed qual-
ity was inferior to that of wheat grown at all five lo-
cations.

Over the years, many new lines have been devel-
oped in various breeding programs that are reported
to have high yield production (10). Consequently, in
1982, the University of California Imperial Valley Ag-
ricultural Center, El Centre, again started testing trit-
icale in the Imperial Valley after a 6-yr period when
no testing was done.

The development of high yielding cultivars may
promote an increased acreage of triticale on irrigated
soils in the western United States. These plantings may
be on soils where salinity problems already exist or
may develop. Although preliminary studies on the salt
tolerance of triticale have been conducted in small, pot
cultures (9,14,16), salt-tolerance data are not available
to predict yield responses in the field. Therefore, this
field plot study was initiated to determine the effect
of soil salinity on vegetative growth and grain yield.

METHODS AND MATERIALS
This study was conducted at the Irrigated Desert Research

Station, Brawley, CA, on a Holtville silty clay soil. Each plot
was 6.0 by 6.0 m and was enclosed by acrylic-fortified fi-
berglass borders that extended 0.75 m into the soil. The
fiberglass borders protruded 0.15 m above the soil level of
the plot and were covered with a berm 0.18 m high and 0.60
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m wide. Walkways, 1.2 m wide, between plots, and good 
vertical drainage effectively isolated each plot. 

Prior to planting, triple superphosphate was mixed into 
the top 0.25 m of soil at the rate of 73 kg P/ha. To assure 
adequate N fertility throughout the experiment, Ca(NO,), 
was added at each irrigation at a rate of (0.14 kg N/ha)/mm 
of water applied. The soil contained adequate levels of K, 
so no additional K was added. 

Two spring type triticale cultivars, Beaguelita 's' and Can- 
anea 79, were planted in level plots on 15 Nov. 1982 and 
29 Nov. 1983. Each plot contained 17 rows of each cultivar. 
The rows were planted 0.15 m apart, with the seeds placed 
approximately 25 mm apart within the row. 

The experimental design consisted of six treatments rep- 
licated three times in a randomized split-plot design, with 
salinity as main plots and cultivars as subplots. At the time 
of planting, the soil profiles were still salinized from pre- 
vious experiments. The initial K, (electrical conductivity of 
the saturated-soil extract) averaged to a depth of 1.2 m for 
the six treatments in 1982 was 3.2, 4.1, 5.4, 7.3, 8.1, and 9.4 
dS/m, while in 1983 it was 3.0, 4.2, 5.7, 7.9, 9.5, and 10.6 
dS/m for the six treatments. To assure good germination, 
70 mm of low salinity water (1.5 dS/m) was applied prior 
to planting to leach salts below the seed bed, another 70 mm 
of low salinity water was applied after planting. 

Twenty-five days after planting, when the plants were ap- 
proximately 65 mm tall, differential salination was initiated. 
Imgation water salinities were increased stepwise in one- 
third increments over a 2-wk period by adding equal weights 
of NaCl and CaCl, until desired salt concentrations were 
achieved. In 1982-1 983, the electrical conductivities of the 
six irrigation waters ( K J  were 1.8 (control), 2.6, 5.1, 7.5, 9.6, 
and 12.2 dS/m. In 1983-1984, K~,,, of the control was 1.4 and 
that of the saline treatments was increased to 3.9, 7.9, 12.0, 
16.0, and 20.3 dS/m to obtain greater yield reductions. Dur- 
ing both growing seasons, all plots were imgated approxi- 
mately every 3 to 4 wk to keep the soil matric potential of 
the control treatments above - 85 J/kg in the 0.15- to 0.30- 
m zone. The total amounts of treatment imgation water 
applied during the growing season were 375 mm in 1982- 
1983 and 407 mm in 1983-1984. 

Soil samples were collected from each plot approximately 
8, 16, and 26 wk after planting. Two soil cores per plot were 
taken in 0.3-m increments to a depth of 0.9 m. The average 
K,  for each of the three depths for both years is presented in 
Table 1. 

The monthly mean daytime high temperatures ranged from 
20°C in December 1982 to 28°C in April 1983, while cor- 
responding monthly mean nighttime low temperatures were 
4.5 and 9"C, respectively. During the 1983-1984 growing 
season, the monthly mean high temperatures were 23°C for 
December 1983 and 30°C for April 1984; monthly mean 
low temperature for the same period ranged from 6.5 to 
1 1 "C. The accumulative Class A pan evaporation during the 
1982-1983 and 1983-1984growing seasons was 787 and 907 
mm, respectively. 

During the 1983-1984 growing season, plant growth and 

development were rated biweekly with the Haun (7) and 
Zadoks-Chang-Konzak (20) stage-of-growth scales. A com- 
bination of the two scales was used to rate leaf development, 
whereas only the Zadoks-Chang-Konzak (20) scale was used 
for the tillering, stem elongation, inflorescence, and matur- 
ation stages. The first rating was made on 8 Dec. 1983, at 
the time of plant emergence, and the last rating was recorded 
on 15 Apr. 1984, at seed maturation. These, as well as other 
stage-of-growth scales, have been described by Bauer et al. 
(1). 

Plants were harvested on 26 Apr. 1983 the first year and 
9 May 1984 the second year. To determine grain and forage 
yield of each cultivar, a 4.6-m2 area was harvested from the 
center of each half of each plot. Spikes were harvested by 
hand, weighed, counted, and threshed. The seed was then 
cleaned and weighed. Total straw yield from the harvest area 
was weighed, and a subsample dried in a forced-air drier at 
70°C to determine water content. 

The first and second leaves below the flag leaf were sam- 
pled for mineral analyses after spike emergence. The leaves 
were washed, dried at 70"C, and finely ground in a blender. 
Chloride contents were determined on 0.1 M nitric acid in 
1.7 M acetic acid extracts of the leaf material by the Cotlove 
(3) coulometric-amperometric titration procedure. Nitric- 
perchloric acid digests of the ground leaves were analyzed 
for P by molybdovanadate-yellow colorimetry (8), and Na 
Ca, Mg, and K by atomic absorption spectrophotometry. 

Flour and bread-baking quality of the grain harvested in 
1984 from the 3.5 (control) and 15.1 dS/m ( K J  treatment 
plots were evaluated by standard methods at the USDA, 
Wheat Quality Laboratory, Pullman, WA. 

Germination of the two cultivars at different salinities was 
tested in the laboratory. Six replicates of 24 seeds each were 
planted in trays containing fine, washed sand. Prior to plant- 
ing, the sand was premoistened with solution containing 
equal weights of NaCl and CaC1, to produce soil water sa- 
linities ( K ~ , , , )  of 0.6, 3.3, 6.0, 9.4, 11.6, 13.7, 17.7, and 20.5 
dS/m. The trays were placed in a lighted, humid environ- 
ment at 25°C. Seed germination counts were made daily 
over a 10-d period. 

RESULTS AND DISCUSSION 
Plant Development 

When salination treatments began in 1983, the Can- 
anea 79 plants in the control plots were coded 12.6 
for leaf development; i.e., the plants had two fully un- 
folded leaves, with the third leaf six-tenths (0.6) the 
size of the second leaf. All other treatments, as well 
as all Beaguelita 's' treatments, averaged 12.4. This 
would indicate that the presalinized soil profiles had 
little effect on early seedling growth and development 
for both cultivars. Further development as a function 
of salinity is given in Table 2. 

Unlike wheat, which developed fewer tillers per plant 

Table 1. Average electrical conductivities of the saturated-soil extracts (NJ for 2 yr with six saline irrigation waters. 

1983 1984 

Irrigation water salinities (qW) - dSlm Soil 
sample 
depth 1.8 2.6 5.1 7.5 9.6 12.2 1.4 3.9 7.9 12.0 16.0 20.3 

cm ( K ~ )  - dSlm 
0-30 2 . 4 t 0 . 4 t  3 .4t0.6 4 . 6 t 0 . 6  5 .7 t1 .0  7.3al .O 8.3+1.2 1 .8 t0 .4  3.7a0.6 6.5+0.9 9.5a1.6 11.9t1.5 14.0s1.2 

30-60 3 . 9 ~ 0 . 5  5.610.5 6 .0a1 .6  8.lal.l 10.7a1.6 11.9+1.7 4 .9a1 .2  7.0a1.3 8.9L1.9 12 .1 t2 .4  1 3 . 7 ~ 2 . 6  17.3+3.0 
60-90 3.4*0.3 5.9+0.5 7 . l t 0 . 6  8.1+0.7 11.311.0 11.7*0.8 3 . 8 t 0 . 6  6 .2 t1 .0  9.1a1.2 10.6a1.6 13.5+1.6 13.9a1.6 
Avg. 3.2*0.2 5.0+0.4 4.9+0.5 7 .3 t0 .6  9 . 8 t 1 . 0  10.6+1.0 3.5a0.7 5 .6 t0 .7  8.2+1.5 10.7a1.8 13.0+1.8 15.1+2.2 

~ - 
t Mean * SE. 
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Table 2. Growth stage designations for two triticale cultivars dur- 
ing 1983-1984 as affected by soil salinity.? 

Dates of observation 
Soil 

salinity (K.,) 13 Feb.$ 27 Feb. 11 mar. 27 Mar. 9 Apr. 

dS/m 

3.5 18. 41 53 
5.6 18, 41 57 
8.2 18, 41 57 
10.7 17.43 59 
13.0 17, 43 61 
15.1 17. 49 61 

3.5 18, 40 55 
5.6 18. 41 57 
8.2 18, 41 59 
10.7 18, 41 59 
13.0 17, 41 61 
15.1 17. 43 61 

Beaguelita ‘s‘ 

60 
63 
63 
65 
67 
67 

Cananea 79 
63 
65 
66 
67 
67 
68 

73 
73 
74 
77 
79 
80 

72 
72 
73 
75 
77 
79 

81 
83 
84 
85 
86 
87 

80 
82 
83 
83 
85 
86 

t Values follow the twodigit Zadoks-ChangKonzak (20) scale. The first digit 
refers to the following stages: 1 = seedling growth, 2 = tiering, 3 = 
stem elongation, 4 = booting, 5 = inflorescence, 6 = anthesis, 7 = milk 
development, and 8 = dough development. The second digit refers to the 
number of leaves, tillers, or nodes for stages 1,2. and 3, respectively, and 
indicates the progressive maturation within stages 4, 5, 6, 7, and 8. 

$Third node detected in all treatments (Code 33), and all plants had two 
t i e r s  (Code 22). 

with increasing levels of salinity (6), both triticale cul- 
tivars developed only two tillers per plant on all treat- 
ments. Stem elongation was also unaffected by salin- 
ity. 

Salinity had little apparent effect on the morpho- 

logical development of the plants through the first three 
stages of growth, but it cleairly hastened maturity at 
all subsequent stages (Table 2). The inflorescence 
emerged from the boot approximately 7 to 10 d earlier 
on the high-salt treatments than on control treat- 
ments. This difference was greater for Beaguelita ‘s’ 
than for Cananea 79, and was maintained throughout 
the grain filling and seed maturation stages. Plants in 
the highest salt treatment matured at least 1 wk earlier 
than those in the control treatment. 

Grain Yield 
Grain yields measured in the control plots in 1983 

and 1984 for both cultivars (Table 3) were comparable 
to those reported for field trials in 1983 and 1984 at 
the University of California Imperial Valley Field Sta- 
tion (1 1). Environmental factors and soil condii.ions 
were nearly the same at both locations. 

In 1983, grain yield of Beaguelita ‘s’ was not sig- 
nificantly affected by soil salinity up to 10.8 dS/m (Ta- 
ble 3). In 1984, however, with higher soil salinities, 
grain yield was significantly reduced. This reduction 
was attributed primarily to a reduction in spike num- 
ber, since individual spike weight (data not presented) 
and individual seed weight (expressed as the weight 
of 100 seeds) were not significantly affected by salinity. 

Grain yield of Cananea 79 was significantly reduced 
by salinity both harvest years. In contrast to Beaguel- 
ita ‘s’, the 1984 grain reduction for this cultivar was 

Table 3. Grain and straw yield for two triticale cultivars grown at six salinity levels in two different years. 

soil Straw Total Grain 100 Straw Total Grain 100’ 
SdhitY (Ke) yield spike wt. yield seed wt. yield spike wt. yield seed ivt. 

dS/m g/mz g 
1982-1983 Beaguelita ‘s’ c a n 3  79 

g g/mz -- 

3.2 755 933 795 763 921 784 
5.0 691 999 826 623 822 752 
5.9 654 964 802 648 858 741 
7.3 635 985 807 603 846 722 
9.8 544 907 693 513 788 665 
10.6 465 814 663 409 669 630 
1983-1984 
3.5 834 744 605 4.08 877 679 549 3.70 
5.6 878 854 708 4.40 805 727 607 4.013 
8.2 799 832 683 4.18 877 733 588 3.56 
10.7 686 720 634 3.86 818 687 555 3.74 
13.0 629 729 585 3.97 648 643 516 3.613 
15.1 533 685 545 3.86 535 554 451 3.4!3 

Analysis of variance 

- Mean squares 

Straw Total Grain 100 Straw Total Grain 100 
Source df yield? spike wt. yield? seed wt. yield? spike wt. yield? seed wt. 

1982-1983 Beaguelita ‘s’ Ca*i 79 
Salinity 5 32.6** 13.7 13.9 43.9$ 21.6 9.9* 

Linear 1 157.2$ 31.8 51.4* 201.42 82.4** 48.5$ 
Quadratic 1 1.3 31.5 16.3 0.4 3.6 0.8 
Cubic 1 3.9 1.1 0.0 14.6 19.8 0.5 

Error 10 5.3 10.6 5.8 3.1 7.4 2.0 
1983-1984 

- 

Salinity 5 53.02 13.4** 11.22 0.13 57.62 13.1* 9.3* 0.13$ 
Linear 1 240.7$ 26.82 22.6$ 0.33* 209.7$ 36.0* 27.02 0.192 
Quadratic 1 14.4* 14.9* 23.9$ 0.02 55.82 28.6* 17.4* 0.0.3 
Cubic 1 5.4 16.8* 8.0* 0.16 5.1 0.1 0.9 0.02 

Error 10 2.6 2.0 1.2 0.05 3.5 3.7 2.0 0.02 

*,** Significant at the 5 and 1% levels of probability, respectively. 2 Significant at the 0.05% level of probability. 
t Values must be multipled by loa. 
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the result of a reduction in both spike number and 
individual seed weight. Individual spike weight was 
again not significantly affected by salinity. 

Beaguelita ‘s’ out yielded Cananea 79 at each sa- 
linity level. The combined data normalized for 2 yr, 
however, indicated that both cultivars had the same 
tolerance threshold (i.e., the maximum allowable K, 

without a decline in grain yield) and relative yield de- 
cline. Therefore, the grain yield data for both cultivars 
for both years was combined and statistically analyzed 
with a piecewise linear response model (13,19). The 
combined data indicate a threshold of 7.3 dS/m, with 
a 2.8% reduction in grain yield for each unit increase 
in salinity above the threshold (Fig. 1). Relative yield, 
Yr, for any K, exceeding the threshold of 7.3 dS/m can 
be calculated with the formula presented in Fig. 1. 

According to the salt tolerance categories estab- 
lished by Maas and Hoffman (13), triticale would be 
classified as tolerant to salinity. This places triticale 
in the same category as semi-dwarf bread wheat (6), 
and barley (Hordeum vulgare L.) (1 3), whose thresh- 
olds are 8.6 and 8.0 dS/m, and whose slopes are 3.0 
and 5.0% per dS/m, respectively. Initial data for rye, 
the other parent of this hybrid, indicate that it also is 
in the tolerant category (5 ) .  

Grain Quality 
The effect of low and high salinity treatments on 

the quality of grain harvested in 1984 is presented in 
Table 4. An analysis of variance indicated no signifi- 
cant differences between the test weights for flour and 
bread-baking qualities of grain harvested from control 
and highly saline plots. Differences in these qualities 
between cultivars were highly significant. 

No standard test weight has been established for 
triticale, but with newer, improved cultivars the test 
range weight has been increasing and is currently in 
the 708 to 746 kg/m3 range (L.F. Jackson, 1986, per- 

V 
100 

501 

.- c ? 401 

Table 4. Grain quality of two triticale cultivars grown at low and 
high salinity levels in 1983-1984. 

Flour Bread-baking quality 

soil Test Pro Milling Adsorp-Mixing Leaf 
salinity (KJ wt. Yield Ash bin score tion time volume 

dS/m kg/m3 - g k  ~ gkg min. cm3 

Beaguelita ‘s’ 

3.5 661 619 5.2 97 62.8 622 3.9 508 
15.1 686 645 4.9 95 69.3 623 3.4 572 

Cananea 79 
3.5 689 652 4.7 103 69.2 565 1.1 632 

15.1 703 661 4.5 102 72.4 547 1.7 555 

cv 0.5 1.0 2.4 1.3 1.4 1.9 6.2 3.4 

P > Ft 
Treatment 

(TI 0.1151 0.1955 0.3487 0.7128 0.1757 0.0803 0.7852 0.8163 
Cultivar (C) 0.0004 0.0032 0.0022 0.0010 0.0011 0.0005 0.0001 0.0085 
T x C 0.0614 0.0960 0.3739 0.5484 0.0412 0.2037 0.0036 0.0032 

Wheat$ 

Average Slog 706 3.9 102 85.7 622 3.5 922 

t Probability that an F value would occur by chance. 
$ Data presented for comparison purposes only; 1979-1985 averages of 11 

8 Average test weight for California hard red winter wheat (18). 
California wheat cultivars (G.L. Rubenthaler, unpublished data). 

sonal communication). These weights are consider- 
ably lower than the average test weight for California- 
grown hard red winter (HRW) wheat (18). The seed 
harvested from both cultivars in our study had test 
weights lower than the newer triticales and signifi- 
cantly lower than California HRW wheat cultivars. 

Low flour yield, as well as high ash percentage, con- 
tributed to low milling scores for both cultivars. A 
perfect flour would have a milling score of 100. The 
protein content in the two triticale cultivars was 
equivalent to that of the HRW wheat. Protein quality 
in triticale with respect to baking performance, how- 
ever, has been reported to be very low (2). 

I I 

Yr = 100 - 2.8(Ke- 7.31, for K ,  L 73 - ‘ 0 - C a T  7 9 ,  , 1 
IO +- Beaguelita Is’ 

OO 5 IO 15 20 

Ke (dS/m) 
Fig. 1. Relative grain yield of triticale as a function of increasing 

soil salinity. Standard errors for the threshold and slope values 
are 0.85 and 0.01, respectively. 

1101 T I  I I 1 

\ 
\ 

for Ke \ 18.8, 

--+-- Beaguelita ‘SI 

Yr = 100 - 4.0 (Ke- 5.9). for K, 1 5.9 
I I I I 
5 IO 15 20 

Ke (dS/m) 
Fig. 2. Relative straw yield of Cananea 79 and Beaguelita ‘s’ triticale 

as a function of increasing soil salinity. Standard errors for the 
threshold and slope values are 0.66 and 0.01 for Cananea 79 and 
0.88 and 0.01 for Beaguelita ‘s’, respectively. 
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Bread baked from the flour of the two triticale cul- 
tivars produced loaves that averaged 36 to 4 l % smaller 
than loaves made from HRW wheat. 

Straw Yield 
The effect of salinity on straw yield of the two cul- 

tivars was different than that on grain yield (Table 3 
and Fig. 2). Straw yield of Cananea 79 was more tol- 
erant, and Beaguelita ‘s’ less tolerant, than grain yield, 
with thresholds of 8.8 and 5.4 dS/m, respectively. The 
reduction in straw yield for each unit increase in sa- 
linity above these thresholds, however, was signifi- 
cantly greater than that for grain production, with 8.1% 
for Cananea 79 and 4.0% for Beaguelita ‘s’. These data 
are in contrast to grain crops such as rice (Oryza sativa 
L.) (15), sorghum [Sorghum bicolor (L.) Moench] (4), 
and wheat (6), which show a greater reduction in grain 
yield than in straw yield under saline conditions. 

Mineral Analysis 
Mineral composition of leaves sampled during 1983 

and 1984 was nearly identical for both cultivars with 
the exception of Na (Table 5). Cananea 79 accumu- 
lated two to three times more Na in the leaf tissue at 
all salinity levels than did Beaguelita ‘s’. Concentra- 
tions, however, were low for both cultivars. These re- 
sults agree with previously reported Na analyses for 
these two cultivars when grown in solution cultures 
(12). 

Increased levels of soil salinity had little effect on 
Na, K, and C1 in either 1983 or 1984. Concentrations 
of Ca in 1983 and Mg in both years were significantly 
reduced by increased soil salinity. The reduction in 
leaf P associated with an increase in salinity was greater 
for Beaguelita ‘s’ than for Cananea 79. 

Germination 
The effect of increasing salinity levels on germina- 

tion was essentially the same: for. both cultivars (Fig. 
3). Soil water salinity (K,,) up to 11.6 dS/m hac1 no 
significant effect on final germination; however, salt 
levels greater than 6.0 dS/m delayed germination. Sa- 
linities as high as 20.5 dS/m rleduced final germination 
only 17%. This reduction in germination at K,, of 20.5 
dS/m is comparable to that reported by Norlyn and 
Epstein (14), who worked with the experimental trit- 
icale line 6TB37 1, which was considered one of itheir 
best experimental lines. 

These data indicate that both cultivars are slightly 
less tolerant to salinity at germination than when salt 
stress is imposed after the third-leaf stage. The data 
in Fig. 1 indicate no loss of grain yield up to a K, of 
7.3 dS/m. If one assumes that the soluble salt concen- 
tration of the soil solution at field capacity is about 
twice that of a saturated-soil extract (17), Le., K,, = 
2 K e ,  the equivalent threshold for grain yield, expressed 
on the basis of soil water salinity ( K ~ , ) ,  is 14.6 d!3/m. 
Germination of Cananea 79 and Beaguelita ‘s’ at this 
salinity was reduced 2 and 8%, respectively (Fig. 3). 

Table 5. Mineral composition of leaves from Cananea 79 (C) and Beaguelita ‘s’ (B) triticale grown over 2 yr at six levels of salinity. 

Soil 

dSlm mmoVkg dry wt. 

- - 
- salinity (N,) CI Na Ca Mg K P - - - 

C B C B C B C B C B C B --- 1982-1983 
3.2 518 528 25.7 9.6 248 208 98.2 74.7 691 ‘767 101.7 107.7 
5.0 505 608 20.5 9.9 200 191 76.4 69.1 739 r369 99.4 1l0.3 
5.9 464 498 20.6 9.2 211 178 70.2 55.6 692 ‘167 97.7 102.9 

160 57.3 48.4 754 845 96.7 !34.1 7.3 491 573 23.9 11.8 183 
747 :343 87.7 !31.7 9.8 467 539 24.6 11.6 172 143 45.0 39.1 

10.6 358 503 22.8 13.3 163 153 37.2 34.4 713 :309 97.5 !31.6 

1983-1984 
3.5 755 717 32.8 9.8 185 188 81.5 67.4 1031 ,966 75.4 134.5 
5.6 690 734 22.2 10.1 175 186 70.6 62.2 978 1003 71.5 r35.7 
8.2 761 674 25.6 10.9 198 183 68.1 54.8 1023 922 61.7 130.5 
10.7 746 653 38.0 11.5 186 193 55.0 53.9 980 902 59.9 ‘70.0 
13.0 628 772 35.7 14.3 191 178 49.6 46.9 888 1014 52.5 164.2 
15.1 607 737 31.5 15.3 194 185 45.0 43.3 864 979 60.2 61.8 

Analysis of variancet 

Source 

1982-1983 
Salinity 

Linear 
Quadratic 
Cubic 

Error 
1983-1984 
Salinity 

Linear 
Quadratic 
Cubic 

Error 

Mean squares 
~ 

df 

5 9.9 
1 31.4 
1 3.4 
1 8.8 
10 8.0 

5 13.7 
1 36.8 
1 12.5 
1 1.9 
10 11.6 

c1 Na Ca Mg 

5.39 0.01 0.01 2.88% 1.84. 1.49% 
2.13 0.00 0.03** 12.58$ 8.39% 7.27$ 
3.65 0.02 0.00 0.82 0.46 0.15. 
0.01 0.05 0.00 0.18 0.34 0.02 
7.52 0.04 0.00 0.28 0.45 0.02 

5.80 0.11 0.02 0.20 0.08 0.59$ 
1.49 0.10 0.071 0.31 0.00 2.87% 
9.18 0.00 0.01 0.01 0.00 0.01 
0.00 0.38 0.00 0.00 0.00 0.00 
8.97 0.08 0.01 0.21 0.07 0.03 

K P 

0.78% 
3.73% 
0.03 
0.02 
0.04 

0.25$ 
1.20% 
0.00 
0.01 
0.01 

2.37 5.50 0.07 
2.06 2.76 0.17 
2.49 3.81 0.01 
1.09 0.01 0.06 
4.06 3.51 0.06 

14.49 5.87 0.21* 
55.63. 0.21 0.81% 
7.33 7.53 0.15 
0.28 0.28 0.05 
10.38 8.90 0.04 

0.21* 
0.87$ 
0.00 
0.12 
0.05 

0.33$ 
1.55% 
0.02 
0’.08* 
01.01 

~~ ~ ~ 

*,** Significant at the 5 and 1% levels of probability, respectively. $ Significant at the 0.5% probability. 
t Values must be multiplied by los. 
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DAYS AFTER PLANTING
Fig. 3. Germination of two triticale cultivars at eight salinity levels.

SE of mean indicated by bar when greater than symbol size.
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