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'1HE RESPONSE OF A NUMBER OF BARLEY GENOrYPES 'IQ 
VARYOO LEVEI:S OF SOIL SALINITY' 

Sue M:Coll 
Department of Crop Scierx::e and Plant Ecology 

University of Saskatchewan 
Saskatoon, Sask. 

The results of two similar experiments, one in 1981 and one in 
1982, will be reported here. The purpose of the experiments was to 
determine the response of an array of barley genotypes on a saline 
gradient and to oote the differences, if any, in the performance of 
these varieties over a range of conductivities within the same year 
and over the two years. The saline site was looated 50 krn oorthwest 
of Saskatoon near Borden but SOlthwest of the North Saskatchewan River 
in the Dark Brown soil zone (see Figure 1). 

Figure 1. X = LOcation of site 

The Crop 

Olt of the fourteen varieties chosen in 1981, twelve were 
recarmended in the Saskatchewan Guide to Farm Practice and two, Atlas 
and Steptoe were fran california and the northwest u.s., respectively. 
In 1982 a third variety, california Mariout, was added to the test 
because of its reputed salt tolerance. Several 'salt tolerant• lines 
from the world barley collection were also seeded in 1982. 

The experiments were set up in a split blook design. In each 
year all of the varieties were randomized within 8 replicates and 
seeded in continuoos single rows extending in 'strips across all the 
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blocks, 6 in 1981, 10 in 1982. Seeding was done in late May in 1981 
and early June in 1982 at 3/4 of normal seeding rate in rCJWS spaced 
one foot apart. In both years the predaninant weeds were green 
foxtail and Russian thistle which were hoed oot, hand pulled and 
sprayed at appropriate times. Grasshoppers required control with an 
insecticide in 1981 but not in 1982. 

At harvest, 3-metre sections of each variety in each block and 
in each rep (the whole experiment) were sickled. Total abovegroon:l 
dry weight and yield of grain were determined on each sanple. Only 
the yield results will be discussed in this report. 

The Soil 

A detailed salinity analysis was done in 1981 indicating that 
the soil at the site conformed to a typical Saskatchewan saline soil 
with electrical corrluctivity greater than 4 mS/cm, pH less than 8.5 
and an exchangeable sodium percentage of less than 15. The major 
salts present were sulphates of magnesium, sodium and calcium. 

Soil testing in each year was done at 0-15 em, 15-30 em and 
30-60 an depths in each rep X block cell making a total of 48 cores X 
3 depths in 1981 and 80 cores X 3 depths in 1982. The cores were 
taken in each year several days after harvest. Con:luctivities on all 
sanples were determined by the standard saturated paste nethod. 

In subsequent statistical analysis only the 0-15 em depth has 
been used because of a high correlation between 0-15 and 15-30 em 
·depths in both years, .83 in 1981 and • 77 in 1982. For simplicity in 
interpretation, the 0-15 em depths have been mapped for 1981 and 1982 
in Figures 2 and 3, respectively. Note that they have also been 
divided into two main categories: Q-8 mS/cm (rr:JI1-saline to m:xlerately 
saline} and 8-20 mS/cm (severely to very severely saline}. 

D 1}-8 ntl/m 

.8-20 rrS/cm 

Figure 2. Simplified rrap of ooil conductivities, 0-15 em, in 1981. 
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D o-sns;an 

8-20 rrS/an 

Figure 3. Simpified map of soil conductivities, 0-15 em, in 1982 

Rainfall 

Rainfall data was collected by the farmer abcut 1 1/2 miles 
fran the site.. DuriiY3 the periai from seedi!'Y3 to harvest there was 76 
nm in 1981 and 238 · nm in 1982. In other words, there was nore than 
three times the rainfall in 1982 indicating the essential difference 
between the two years. 

Yield Results 

It has been quite difficult to make meaningful interpretations 
fran this data. For instance, an analysis of variance in both years 
shCMs that all main effects (blocks, reps, varieties) are significant. 
As well, all the interactions between these effects are significant, 
indicating only that this design does oot adequately take soil varia
bility (conductivity) into account. 

Regression analysis has provided nore useful ways of looking at 
the data. Linear regression czu: always account for a significant part 
of the variation but gives r values averaging abcut 40% in 1981. 
This indicates that a large portion of the variation is still not 
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accounted for by this methcrl. Hooever, the response of the majority 
of varieties in 1981 did :oot shoo significance in tests for 
curvilinearity and is therefore presented here as the straight line 
response shCMn in Figure 4. For simplicity, lines from the predicted 
regression equations are shown for only 3 of the varieties. 
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Figure 4. Linear regressions of yields vs. conductivity in 1981. 
A= Summit; B =Bonanza; C =Atlas 

The resp:>nses of these varieties are similar but genotypic differences 
are apparent. The analysis of the 1981 data is oot canplete. There 
may be better ways than simple linear regression to describe the 
response to increasir¥3 salinity. 

Another way to look at the data is· presented in Table 1. 
varieties are ranked according to their mean yield in two main 
categories, 0-8 ms;cm and 8-20 ms;cm. This conforms to hoo the soil 
conductivities were mapped in Figures 2 and 3. In the loo salt 
category the top ten ranked varieties yielded 65-85% of the average 
yield of barley in the province. In the high salt category all 
varieties yielded less than in the loo salt category and the top ten 
ranked varieties yielded fran 40-65% of the provincial average. 
Jud:.:Jing by the loo yields even in the 0-8 ms;cm division, it is clear 
that the effect of drought in 1981 canoot be ignored. 
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Table 1. Mean yieldsa of barley varieties in gjm2 in 1981 at low and high 
salinity levels. 

I..cM Q-8 mS/cm High 8-20 mS/cm 
-----

nl Standard n2 Standard 
Rank variety Mean error Rank Variety Mean 

---
1 Sumnit* 176 7 1 Sumnit * 136 
2 Johnston 168 13 2 Johnston * liS 
3 Melvin * 162 10 3 Fairfijld ll3 
4 Fairfi~ld 160 6 4 Klages* 98 
5 Hector* 157 ·9 5 Betzes 98 
6 Elrose* 148 9 6 Conquest 96 
7 Betzes 143 6 7 BonanZi 95 
8 Bonanza 141 9 8 Elrose 94 
9 Klomike 140 10 9 Melvin* 90 

10 Conque~t 140 8 10 Hector 87 
ll Klages 136 9 ll Kloooike 82 
12 Steptoe 113 9 12 Beacon 74 
13 Beacon 106 6 13 Steptoe 52 
14 Atlas 88 7 14 Atlas 48 

agjm2 x 10 = kgjha 
~1 = 26 observations 
' = 22 observations 

= 2-row barley 

In 1982 all of the varieties except Atlas and california 
Mariout showed significance in tests for curvilinearity when cubic 
regression analysis was used. However, only abalt 30% of the 
variation is accounted for by the curve. One of the reasons for this 
is that the real data does oot conform to cubic equations at both the 
low and especially the high end of the salinity scale. The curves in 
Figure 5 show the response of three barley varieties over the ran:Je of 
2-12 mS/cm. Again, these representative response curves show the 
similarity of varietal behaviour but with obvious genotypic 
differences in absolute yields. All of the varietal response curves 
seem to peak at between 4 and 6 IllS/em before dropping off. We can 
hypothesize that the curvilinear response in 1982 is directly due to 
the presence of rrore rroisture which these genotypes were able to 
utilize. 

we have oot yet been able to adequately describe the response 
of these barley varieties in 1982. Linear regression is out of the 
question. Cubic regression fall short in describing the data at 
extreme ems of the salinity range. Log transformations followed by 
polynanial regression also has shortcanings. We have yet to try 
weighted regression, asymptotic regression, regressions in small steps 
and also graphing the difference in response of each variety against a 
standard variety such as Bonanza. 
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Figure 5. TYPical curvilinear response of 3 barley varieties in 1982. 
A = Summit; B = Bonanza; C = Klages 

In Table 2 the varieties in 1982 are ranked according to mean 
yield in low (0-8 mS/cm) and high (8-20 mS/cm) salinity categories. 
As in 1981 all of the varieties yielded less in the high salt 
category. In the low salt category the top ten ranked varieties 
yielded above the provincial average. In the high salt category the 
top ten yielded 60-85% of the average barley yield in the province. 
This range corresponds to the yields of the top ten in the low salt 
category in 1981. 

For interest, Table 3 has been included to show the yields of 
two of the exotic lines ~ich were in:luded in the experiment in 1982. 
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Table 2. ~an yieldsa of barley varieties in gjm2 in 1982 at low and high 
salinity levels. 

I£:M 0-8 mS/cm High 8-20 mS/cm 

n1 Standard n2 Standard 
Rank Variety Mean error Rank Variety Mean error 

----
1 Sumnit* 282 21 1 Johns~n 181 
2 Johnston 278 15 2 Sumnit 161 
3 Melvin 271 17 3 Klorrlike 149 
4 Klorrlike * 267 18 4 Melvin* 149 
5 Fairfield 246 16 5 Hector * 145 
6 BonanZf 237 17 6 Fairfield 137 
7 Hector 233 11 7 Steptoe 135 
8 Step~ 227 19 8 Co~e~t 132 
9 Klages 225 14 9 Betzes 130 

10 Co~e~t 219 12 10 Bonanzi 129 
11 Elrose* 217 16 11 Elrose* 124 
12 Betzes 198 13 12 Klages 112 
13 Atlas 160 18 13 Beacon 109 
14 Beacon 145 8 14 Atlas 70 
15 C. Marioot 138 19 15 c. Marioot 59 

ag;m2 x 10 = kgjha 
n1 = 38 observations 
n! = 42 observations 

= 2-row barley 

Table 3. Mean yieldsa of two exotic barley lines in gjm2 grown in 
1982. 

Conductivity 0-8 mS/cm Conductivity 8-20 mS/cm 
Barley 

type Standard Standard 
n Mean error n Mean error 

2-row type 8 287 41 12 182 17 

6-row type 10 263 16 10 167 . 30 

--
ag;m2 x 10 = kgjha 
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Table 4 has been included to facilitate canparison of yieids 
between 1981 and 1982 in both low and high salinity categories. 

Table 4. canparison of mean yieldsa of barley 
varieties in 1981 and 1982 at low and high 
salinity levels (oo ranking) • 

IDN 0-8 mS/cm High 8-20 mS/cm 
Variety 

1981 1982 1981 1982 
----

Atlas· 88 160 48 70 
Beacon* 106 145 74 109 
B~tzes 143 198 98 130 
Bonanza 141 237 95 129 
Conque;t 140 219 96 132 
Elrose * 148 217 94 124 
Fairfi;ld 160 246 113 137 
Hector 157 233 87 145 
Johns1:2n 168 278 115 181 
Klages 136 225 98 112 
Klorxlike 140 267 82 149 
Melvin 162 271 90 149 
Step to; 113 227 52 135 
Sumnit 176 282 136 161 

ag;m2 x 10 = kgjha 
* 2-row barley 

Conclusions and Ccmnents 

From this study we can conclude that there are differences in 
yield between barley varieties over a range of corxluctivities. The 
responses of the varieties in any one year appear to be similar but 
the response varies from a dry to a wet year. The response in a dry 
year appears to be linear while in a wet year significant curvili
nearity is indicated. At present we need to try other methcrls of 
statistical analysis to m::>re adequately account for the variation in 
the data. 

As plant breeders we are interested oot only in the response of 
barley varieties but in determining whether or oot some genotypes 
deviate from the responses which have been described abcwe. If we can 
identify genotypes with a different response such that a significant 
change in varietal rank occurs fram low to high salt levels, then we 
will be able to solve the question of whether or oot to make our salt 
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tolerant selections on salt-affected soils or on normal soils. 
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