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by 
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Introduction 

The Alberta Tree Nursery at Oliver, Alberta, is located on an 

area of extremely variable soil including sUbstantial solonetzic areas 

(Massey & carlson, 1972). Other nurseries and many areas of actual or 

potential tree plantings in the prairies are situated on soils naturally 

rather high in salts. 

There are 15 to 20 million acres of solonetzic soils in Western 

Canada, of which approximately 10 million are in Alberta (cairns and 

Bowser, 19(9). These solonetzic or "alkali" soils cres. te special prob-

lems for plant growth. Usually the subsoil has a high salt content which 

limits the availability of water to the plants and seriously restricts 

root growth. In addition, the so~ium. ion gives the soil So poor structure, 

in the form of So hard compact horizon which limits the penetration of 

wa ter, air and roots. 

~esearch Scientist, Capadian Forestry Service, Northern Forest Research 
Centre, Edmonton, Alberta. 

2 Plant Physiologist, Alberta Dept. of Agriculture, Soil. and Feed Testing 
Laboratory, Edmonton, Alberta. 
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Besides naturally saline areas, human activities are leading to 

new localized problems of soil salinity. Petroleum exploration and pro

duction brings to the surface large amounts of subterranean saline solu

tion, which is commonly discharged to the soil and is thought to damage 

surrounding trees (Shaw, pers.comm.). Mining and processing of potash 

releases saline dusts in large quantities, causing damage to shelterbelt 

trees (Hocking and Blauel, unpublished). During the winter, road mainten

ance crews in urban and rural areas apply salts to highways for de-icing. 

These salts are transferred to roadside vegetation and soils by splash and 

by run-off, and cause significant damage (Westing 1968, Staley ~ ale 1968, 

Rich and Lacasse, 1963-64). Natural soil salinity, however, assumes far 

grea ter economic importance in terms of limiting plant growth. The total 

area affected as a result of mants endeavors is relatively minor in com

parison to saline or solonetzic soil areas. 

An extensive review of plant responses to saline soils is given 

by Hayward and Bernstein (1958). There is little information on levels 

of salt tolerance by various Canadian forest and ornamental trees and 

shrubs (Rich & Lacasse 1963-64). stoeckeler (1946) lists some tolerances 

derived from tests conducted in simple aqueous solution, a criterion dif

ficult to apply to conditions in the field. For agricultural crops, the 

use of measurements of conductivity of soil extracts has played an import

ant· role in evaluation of influence on plant growth and selection of suit

able crop plants for affected areas (Ballantyne 1962, Chang 1961). 

The present report describes an experiment to establish toler

ance levels for seed germination and growth of four forest and shelterbelt 

trees, in terms of conductivity measurements (Richards 1954) and on soils 
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of differing texture. An attempt was made to separate specific ion 

effects by supplying sodium as the sulfate salt and chloride as the 

magnesium salt; and an iso-osmotic mixture of the two. 

Methods 

The tree species tested were: 

white spruce (Picea glauca (Moench) Voss. var. albertiana 
( S. Brown) Sarg.) 

black spruce (Picea mariana (Mill) BSP) 

lodgepole pine (Pinus contorta Dougl. var. latifolia EDgelm.) 

caragana (caragana arborescens ram.) 

Two soils were tested, one a heavy clay loam from the Alberta 

Tree Nursery and the other a coarse sand. Their ammonium aceta te-

extractable (5 minutes) ca, Mg, and Na were (meq./1OO g): 

ca 

Sand 2.1 

Clay 32.2 

Mg 

0.4 

9.7 

Na 

.06 

.23 

The soils were placed into polyethylene-lined wooden boxes 

measuring 30 x 20 x 8 inches. Salt solutions were added to the soils in 

amounts calculated from preliminary experiments, in order to achieve final 

conductivity readings of 2, 4, 6, 8 and 10 mmhos/cm. 

Three separate salt solutions were used: sodium sulfate (Na
2

S04 ), 

magnesium chloride (MgC12 ) and a 1:1 ionic IIlixture of the first two. A 

total of 32 flats were prepared: 2 soils x 3 salts x 5 levels of each 

salt, plus 2 controls. The flats were watered with de-ionized water to 

approxima te field capacity, covered with polyethylene and left to 

equilibrate for 2 weeks at a temperature of 70-75° F. 
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Following the period of equilibration, actual conductivities 

and soil pH's were determined. Final adjustments were made by addition 

of further salts and/or sulfuric acid where indicated. For determinations 

two soil cores were taken from the ends of each flat and combined to form 

one sample. 

Considerable difficulty was encountered in obtaining the precise 

conductivity levels desired, owing to changes with time. A range was es

tablished, however, (Table 1) and levels remained, on the whole, in the 

same relative ranking. 

One hundred seeds of each test species were sown in each of two 

rows in each flat and covered thinly with untreated sand. Flats were then 

covered with polyethylene for 10 days. 

Observations were made daily and irrigation with de-ionized water 

was supplied as required. Germination was counted 3 weeks after sowing, 

and included seedlings that had emerged but subsequently died of sa.lt 

toxici ty • After 14 weeks, final survival was counted and seedling growth 

was assessed by observations and yield of dry matter. Twenty seedlings or 

all the survivors were used for dry weight determinations. 

Results 

Germination and survival of all four species were severely de

pressed at higher salinity levels, especially on the sa.nd (Table 2). 

Higher figures for survival than germination indicated that some seedlings 

emerged after the germination count was taken. The ~C12J alone or in mix

ture with Na.2S04 , had a more marked effect than the Na2OO4 alone. The 

first increment in Na2S04 was generally beneficial to all four species, 
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on both soils, in terms of germination and growth. 

At higher salinity levels, seedling foliage exhibited symptoms 

typical of salt injury: slow and uneven growth, interveinal. and marginal 

chlorosis and necrosis of foliage, and premature defoliation. Tbe cara

gana, followed by lodgepole pine, appeared to make the most vigorous 

growth. 

Seedling growth, in terms of shoot and root dry weight, is given 

in Table 3. Generally, increased salinity led to decreased dry weight but 

the effect was not as sudden as the effect on germination, becoming marked 

only at the higher salinity levels. Shoot growth tended to be depressed 

sooner than root growth, especially for caragana. 

Discussion and conclusions 

Seedlings grown on the clay soil germinated and grew JIl\1d1 better 

than on the sand. Part of the benefits may be a.ttributable to a b.1&ber 

water-holding capacity. The well-documented protective effect of ca.J.cium 

(Westing 1968, LaHaye and Epstein 1969, Chandhuri and Wiebe 1968) WO 

played a part. This particula.r clay was exceptiona.l.4 high in extractable 

caJ.cium.. 

Part of the difference in response on the clay and OD tbe sand 

may have been attributable to nutritional. and/or pbysicaJ. differeaces. 

Both soils were very low in available nitrogen and phosphorus as deter

mined by soil analyses. 

The beneficial effect of the first increment of Na
2

S04 .., bave 

been a result of nutrient supply or release. This phenomenon lIIl¥ warmnt 

further investigation. At higher levels of sodium phYsical. effects on 
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root growth brought about by changes in soil structure may be as import

ant as Ch8R1oal effects. 

At higher salt levels, both seedling survival and dry weights 

decl1Del rapidly with increasing conductivity. The decreases in survival 

occurred sooner and more rapidly than the decreases in weight. Esta.blish

ment of viable seedlings was severely impaired, even on the clay, at a 

salt level of 4. msrihos/cm. Very few seedlings of any species survived at 

an initial level of 7 mmhos/cm, even on the clay soil. 

As a guide to tree seedling production, then, conductivity of 

soil extracts Can help to eliminate unsuitable areas. Alternatively, 

appropriate management of the soil may be undertaken to reduce salinity 

or to minimize its effects. 
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Table 1. Conductivities and pH's of experimental soils during the 

course of the experiment. 

April 7 May 28 Aug. 24 
Before Planting ~ Weeks After Final 

l?!! Cond. :eli Condo :eli Condo 

SAND 

Control 6.9 2.5 6.7 2.5 6.6 2.3 

Na2S04 (1) 5.1 3.1 6.7 2.9 5.7 2.7 
(2) 7.4 3.9 7.9 3.5 7.5 3.3 
(3) 3.3 5.6 5.3 4.7 5.8 3.7 
(4 ) 4.6 7.2 6.2 6.0 7.0 3.1 
(5) 4.6 14.0 6.7 12.4 6.7 4.1 

~C12 (1) 6.1 3.3 5.8 2.3 6.2 1.3 
(2) 6.3 3.5 7.0 2.7 6.6 1.7 
(3) 7.1 6.0 7.6 5.2 7.5 3.5 
(4) 5.0 5.8 6.3 7.8 5.9 3.1 
(5) 4.8 14.0 6.6 12.4 5.9 10.3 

Na2S04 (1) 5.1 2.9 6.8 2.9 6.0 2.3 
+ MgC12 

(2) 7.2 4.7 7.8 5.2 7.6 3.7 
(3) 4.7 6.2 5.9 5.8 6.0 4.0 
(4) 6.6 7.6 7.1 9.1 7.6 5.8 
(5) 4.9 8.5 6.2 5.4 6.4 1.3 

~ 

Control 7.3 0.7 7.4 1.0 7.7 0.7 

Na2OO4 (1) 6.1 4.1 5.8 4.7 6.3 3.6 
(2) 6.0 5.0 6.6 4.7 6.5 4.7 
(3) 6.7 6.0 6.9 6.2 6.8 7.4 
(4 ) 6.5 7.6 6.5 10.3 6.0 10.1 
(5) 6.0 10.1 6.6 10.3 7.0 8.9 

~C12 (1) 5.5 5.2 6.1 4.7 6.2 8.0 
(2) 5.4 7.2 6.4 8.0 7.1 8.0 
(3) 6.2 9.9 6.4 9.5 7.1 7.8 
(4 ) 5.6 10.7 6.4 16.5 7.0 14.3 

Na2so4 (1) 5.8 6.0 6.6 5.4 6.7 4.5 
(2) 6.3 7.4 7.2 6.8 6.1 7.4 

+ MgC12 (3) 6.6 9.3 6.7 9.5 6.6 8.7 
(4) 6.5 10.7 6.8 14.4 6.6 13.4 

Basis: Two soil cores taken from each flat and combined to form one sample. 
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Table 2. Effect of type and concentration of salt and type of soil on 

germination and survival of Caragana (Ca), lodgepole pine (PI), 

white spruce (Sw) and black spruce (Sb). 

Ntunber of Germinants 2(G) and Survivors 3(S) 

Soil Salt Trtmnt. 1 Ca PI Sw Sb 
G. S. G. S. G. S. G. S. 

Sand Control 6 3 53 17 30 18 37 22 

Na2S04 1 4 3 34 3 15 21 1 
2 10 3 73 1· 42 39 
3 1 
4 
5 

MgC1 2 1 5 6 2 
2 2 30 
3 
4 
5 2 

Nato4 1 2 
+ Mg 12 2 5 22 

3 24 52 3 -
4 
5 

Clay Control 32 48 75 77 56 67 66 60 

Na2S04 1 64 77 77 75 81 77 63 56 
2 19 49 68 77 57 64 66 58 
3 26 34 66 65 31 21 38 19 
4 5 12 10 8 2 1 
5 

MgC1 2 1 6 20 47 41 22 11 10 1 
2 17 13 10 4 
3 18 15 4 
4 

Na2S04 1 59 58 73 64 60 40 43 20 
+ MgC12 2 6 16 34 38 20 13 16 

3 2 
4 

Basis: Means of duplicate counts of 100 seeds sown; Latin Square design. 

1See Tab Ie 1 for conductivity and pH ranges. 

2After 3 weeks. 

3After 14 weeks (higher S than G indicates late emergence). 
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table 3. Effect of type and concentration of salts and type of soil on 

dry me. tter production by surviving seedlings of Caragana (Ca), 

lodgepole pine (Pl), white spruce (Sw) and black spruce (Sb). . 

1 Trtmnt. . Pl Sw Sb 

Shoot Root Shoot Root Shoot Root Shoot Root 

Sand CGntrol 

Na.2OO4 1 
2 - 5 

MgC12 1 - 5 

Na.2OO4 1 

+ MgC12 2 - 5 

Clay Control 

1 
2 
3 
4 
5 

1 
2 
3 
4 

1 
2 
3,4 

21 

18 23 II 
Too few survivors. 

Too few survivors. 

15 13 

Too few survivors. 

ll3 97 41 

70 117 40 
60 60 43 
67 55 33 
42 28 
No survivors. 

40 43 27 
24 45 
29 40 
No survivors. 

16 

6 

17 

18 
19 
9 

8 

70 100 41 17 
29 30 31 12 
No survivors. 

5 

7 

9 

II 
12 
9 

9 
6 

4 

3 

6 

6 
7 
4 

5 
2 

5 

7 

12 

15 
15 
9 

12 

Basis: Mean of 20 seedlings or mean of all the survivors in a bulked sample. 

lSee Table 1 for conductivity and pH ranges. 

2Figures are mg. dry weight. 

3 

3 

5 

7 
6 
3 

4 
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