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Relationships of Soil Salinity, Ash, and Crude 

Protein in Atriplex canescens 

BRUCE L. WELCH 

Highlight: The relationships of soil salinity, ash, and crude 
protein were determined in seven natural populations of fourwing 
saltbush (Atriplex canescens). The correlation coefficient between 
soil salinity and ash was -0.31 and between ash and crude 
protein, -0.33. Ash content ranged from 11.9% to 18.7%; the 
overall mean was 14.8%. Soil salinity directly beneath the plants 
varied from 234 parts per million (ppm) to 4,229 ppm. Crude 
protein ranged from 8.9% to 22.4%; the overall mean was 14.9%. 
Some of the populations contained significantly higher levels of 
crude protein than others. Also discussed is the difference in ash 
accumulation of Atriplex spp. growing in soil as opposed to those 
growing in nutrient solutions. 

salinity was determined by analyzing a sample of soil extract for total 
soluble solids (Chapman and Pratt 1961; Richards 1954). 

Results 

Soil salinity directly beneath fourwing saltbush plants varied 
from 307 ppm for the Delta sand dune population to 1,693 ppm 
for the Vale population (Table 1). Variation within populations 
was high. The coefficient of variation (c.v.) for the Vale 
population was 84%. The remaining coefficients of variation 
were in the 20% to 65% range. 

Ash content ranged from a low of 13.3% for the sand dune 
population to a high of 16.0% for the Delle population (Table 
2). The overall mean for ash was 14.8% with a range of 11.9% 

Atriplex canescens (fourwing saltbush) varies greatly in 
protein and ash content. The National Academy of Sciences 

Table 1. Soil salinity (ppm) of a composite 22%cm soil sample taken directly 
beneath fourwing saltbush plants at seven different locations. - 

(1958) reported that ash ranged from 5.6% to 24.2% and that 
crude protein ranged from 7.8% to 24.2%. It is generally Soil salinity (samples) % 
believed that ash content increases as soil salinity increases Locations 1 2 3 4 5 Xi’ S.D.2 C.V.3 

(Ashby and Beadle 1957; Black 1968). Although Beadle et al. klle, Utah 849 532 750 419 411 592 rt 198 33.4 
(1957) found “no close correlation” between soil salinity and Wales, Utah 621 708 650 759 1,102 768 + 194 25.3 
ash content in Australian saltbushes, it is not known whether a Dividend, Utah 471 486 1,408 677 283 665 + 438 65.9 

high ash content has a depressing effect on protein content. I 
g2r Oregon 

‘gih 

undertook this study to correlate soil salinity to ash content in 

743 893 484 428 493 787 577 366 451 679 684 496 + + 162 145 29.0 23.7 

Vale, 1,264 864 4,229 951 1,159 1,693 2 1,426 84.2 
fourwing saltbush and to determine what effects ash content Delta, Utah 419 275 255 234 350 307 + 76 24.8 

might have on crude protein content. 
___- : 

’ X = Mean. 
? S.D. = Standard deviation. 

Materials and Methods 3 C.V. = Coefficient of variation. 

Vegetative samples consisting of current-year growth of leaves and 
stems were collected during mid-August from native Atriplex 
cunescens populations at seven different sites. Five plants were picked 
at random for each population. The seven population sites were: (1) 
Orem, Utah; (2) sand dunes near Delta, Utah; (3) Dividend, Utah; (4) 
Delle, Utah; (5) Vale, Oregon; (6) Helper, Utah; and (7) Wales, Utah. 

Soil samples were collected directly beneath each plant. The first 
2.5 cm of soil was removed and a composite sample of the next 28 cm 
was taken for determining total soluble salt content (Richards 1954). 
Holmgren and Brewster ( 1972) and Pearson ( 1965) have reported that 
between 50% and 80% of the root mass of desert shrubs was contained 
within the first 30 cm of soil, although roots were at a depth of 135 cm. 
The majority of the feeder roots were in the sampling zone. 

The vegetative samples were first dried at 100°C for 48 hours and 
then ground to a fine powder in a Wiley mill. The powdered samples 
were stored in airtight containers and placed in a laboratory freezer 
until needed for chemical analysis. Ash content was determined in the 
manner reported by the Association of Official Agricultural Chemists 
1965. Crude protein was determined by the Kjeldahl method. Soil 

to 18.7%. These findings are in close agreement with the 
findings of Nord and Green (in preparation). The within- 
population variation for ash content was much less than for soil 
salinity. The coefficient of variation for each population was 
below 10% except that for the Dividend population, which had a 
C.V. of 14.1%. 

The correlation coefficient between soil salinity and ash was a 
nonsignificant -0.3 1. 

Crude protein ranged from a low of 11.6% for the Orem 

Table 2. Mid-August ash content (% dry matter) of current-year growth of 
leaves and stems of seven populations of fourwing saltbush. 

Ash content (samples) % 
Populations 1 2 3 4 5 X’ S.D.2 C.V.3 

Delle, Utah 15.3 17.4 14.4 17.4 15.6 16.0 rt 1.3 8.1 
Wales, Utah 16.0 16.7 15.2 14.9 15.5 15.7 1?I .7 4.5 
Dividend, Utah 18.7 13.5 17.2 14.5 14.2 15.6 -t 2.2 14.1 

._____ ____- _ -. Orem, Utah 16.1 14.6 14.3 14.2 15.7 15.0 2 .9 6.9 

The author is research plant physiologist, Intermountain Forest and Range Experiment Helper, Utah 13.0 13.7 15.3 14.4 16.3 14.5 k 1.3 9.0 

Station, Forest Service, U.S. Department of Agriculture, Ogden, Utah 84401, located at Vale, Oregon 12.5 14.6 12.7 12.6 14.0 13.3 + .9 6.8 

the Intermountain Station’s Shrub Sciences Laboratory, Provo, Utah. Delta, Utah 11.9 13.6 14.4 13.0 13.5 13.3 ? .9 6.8 
Appreciation is extended by the author to E. Durant McArthur, Shrub Sciences Labora- 

tory, Provo, Utah, for the Vale, Oregon, samples. 
’ T? = Mean. 

Manuscript received August 8, 1977. 
’ S.D. = Standard deviation. 
’ C.V. = Coefficient of variation. 
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Table 3. Mid-August crude protein content (% dry matter) of current-year 
growth of leaves and stems of seven populations of fourwing saltbusb. 

Crude protein (samples) % 
Populations 1 2 3 4 5 r;r’ S.D.2 C.V.’ 

Delle, Utah 13.5 14.4 16.3 13.3 14.1 14.3 + 1.2 8.4 
Wales, Utah 18.0 15.9 15.0 15.0 17.3 16.2 + 1.4 8.6 
Dividend, Utah 13.6 12.2 12.3 15.5 14.8 13.7 + 1.5 10.9 
Orem, Utah 14.8 10.3 12.6 8.9 11.4 11.6 2 2.3 19.8 
Helper, Utah 18.3 16.9 15.5 15.2 16.9 16.6 * 1.2 7.2 
Vale, Oregon 13.3 13.0 15.8 14.4 13.9 14.1 2 1.1 7.8 
Delta, Utah 13.8 22.4 13.0 18.3 20.5 17.6’ 4.1 23.3 
’ J? = Mean. 
? S.D. = Standard deviation. 
’ C. V. = Coefficient of variation. 

population to a high of 17.6% for the Delta sand dune 
population (Table 3). The overall mean for crude protein was 
14.9% with a range of 8.9% to 22.4%. Within-population 
variation for-crude protein was not as great as soil salinity, but 
slightly higher than ash. Five populations had a C.V. less than 
1 1%, while the remaining two were near 20%. 

The correlation coefficient between ash and crude protein 
was a nonsignificant -0.33. The results of an analysis of 
variance and Duncan’s multiple range test used to detect 
significant differences of crude protein content among popu- 
lations are given in Table 4. The Delta sand dune population, 
although it contained the highest amounts of crude protein, was 
not significantly different from the Wales or Helper popula- 
tions, but was significantly higher than the Delle, Vale, 
Dividend, or Orem populations. 

Discussion 

From my study and that of Nord and Green (in preparation), it 
appears that the ash content of fourwing saltbush (14.8%) is 
much lower than that of other saltbushes. Goodin and McKell 
(1970) reported that the ash content for big saltbush (Atriplex 
Zentijormis) and cattle saltbush (A. polycarpa) was 3 1.6% and 
21.3%, respectively. The National Academy of Sciences (1958) 
reported that shadscale (A. conjertijolia) contained 2 1.7% ash. 
A later report by this Academy (1964) listed the ash content of 
shadscale as 23.3% and nuttal saltbush (A. nuttullii) as 21.5%. 
Nord and Green (in preparation) found that the ash content of 
Gardner saltbush (A. gardneri) ranged from 23 5 % to 25.3%. 
Beadle et al. (1957) reported that the ash content of three 
Australian saltbushes (A. vesicariu, A. nummularia, and A. 
injZata) ranged from 24.4% to 38.2%. 

Fourwing saltbush may be tolerant to higher levels of soluble 
salts than those reported by Hansen (1962). He found 1,300 

Table 4. Analysis of variance and Duncan’s multiple range test for crude 
protein content among seven populations of fourwing saltbush. 

A. Analysis of variance 

Source Degrees of freedom Mean squares F’ 

Populations 6 21.02 4.89 
Error 28 4.3 

B. Duncan’s multiple range test 

Populations* 

Orem Dividend Vale Delle Wales Helper Delta 

11.6 
(means in % dry matter) 

13.7 14.1 14.3 16.2 16.6 17.6 

Pearson, L. C. 1965. Primary production in grazed and ungrazed desert com- 
munities of eastern Idaho. Ecology 46:278-285. 

Richards, L. A. (Ed.) 1954. Diagnosis and improvement of saline and alkali 
soils. p. 7. U.S. Dep. Agr. Handb. 60. U.S. Govt. Printing Office, Washing- 
ton, D.C. 157 p. 

’ Significant at the 0.05 level. 

’ Any two means not underscored by the same line are significantly different at the 
Stutz, H. C., J. M. Melby, and G. K. Livingston. 1975. Evolutionary studies 

95% level. 
of Atriplex: a relic gigas diploid population of Atriplex canescens. Amer. J. 
Bot. 62:236-245. 

ppm to be the maximum level. I found a healthy plant growing 
in a soil containing 4,229 ppm of soluble salts. At Gordon 
Creek, an experimental planting near Helper, Utah, healthy 
fourwing are growing in a soil containing 5,000+ ppm of 
soluble salts. 

The lack of a relationship between ash content and soil 
salinity came as a surprise to me. I had supposed that the 
relationship of ash content to salinity of nutrient solution would 
be the same for the soil. As salinity increases, ash content 
increases. However, this does not appear to be the case. The 
Beadle group (Beadle et al. 1957; Ashby and Beadle 1957) 
studied ash content of three saltbushes from two angles: (1) soil 
salinity as opposed to ash and (2) nutrient solution salinity as 
opposed to ash. In the first case, they noted “no close 
correlation between the two” (Beadle et al. 1957). In the 
second, they found that ash content increased as salinity 
increased (Ashby and Beadle 1957), but they did not recognize 
the conflict between the two culture media-soil as opposed to 
nutrient solution. Ash content of four-wing saltbush is indepen- 
dent of soil salinity. 

I had thought that ash content of fourwing saltbush could be 
lowered by growing these plants on a nonsaline soil. Lowering 
the ash would be accompanied by an increase in crude protein, 
but as the data of my study show, crude protein is independent of 
ash. 

Another interesting point of my study is that the sand dune 
population contained the highest levels of crude protein. Four- 
wing saltbush from this population has been described by Stutz 
et al. (1975) as a gigas diploid with a seedling and new twig 
growth rate nearly twice that of the tetraploids. I believe a 
comprehensive study of this plant is merited. 
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