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CONCEN'IRATION OF MICRONU'JRIEN'IS IN FOLIAGE 

OF ASPEN (POPUWS 'JREMULOIDES MI CHX. ) 

IN !vIANI'IDBA 

by 

R.E. Wall
l

, Y.P. Kalra2, and R. Prasad3 

IN'JRODUCTI ON 

Trace element deficiencies can have a casual relation to many 

of the foliage discolorations observed in forest trees. One instance 

of where this was thought to be true was in trembling aspen in the 

prairie-forest transition region of Manitoba, where pockets of trees 

with chlorotic leaves have been observed year~ since 1966. Observations 

of selected locations and tagging of individual trees indicated that 

chlorosis occurred in the same trees and the same areas every year. 

Symptoms were observed year~ in the Anola, Interlake, Westbourne, Russell, 

and Bowsman areas where calcareous soils were known to be present (Manitoba 

Soil Survey Reports) but no such symptoms were observed on upland forest 

soils found in nearby regions of the mixed-wood type (Rowe, 1959). 

Since information on micronutrient levels is scarce, especial~ 

for forest trees of the prairie region, this preliminary investigation 

was conducted. 
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3Research Scientist, Chemical Control Research Institute, Department of 
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MATERIAISAND MEIJRODS 

At the south edge of the Porcupine Forest Reserve near Bowsman 

in western Manitoba, soil and leaf-tissue samples were collected in 

July, 1969 in a location where pockets of chlorotic trees were prevalent 

and at a point 4 miles away in a stand uniformly free of the symptoms. 

At each location, soils from different horizons as well as leaves from 

three branches in the mid-crown of three trees were collected. Similar 

samples were collected from chlorotic trees and apparently normal ones at 

Anola in eastern Manitoba. All of the stands sampled were young, less 

than 40 years of age. 

Soils were analyzed for pH (1:1 soil-to-water suspension), calcite, 

and dolomite (Skinner et al., 1959). Exchangeable manganese, calcium, and 

magnesium extracted with IN NH40Ac of pH 7 (Jackson, 1958) and iron, 

copper, and zinc extracted with 1% disodium EDTA were determined by a 

Perkin-Elmer atomic absorption spectrophotometer, model 303 (Anonymous, 

1968), Leaf tissues were air-dried, dry-ashed at 450°C and extracted with 

10 ml of IN HCl per gram of sample. The atomic absorption spectrophoto­

meter was used to analyze leaf extracts for iron, manganese, copper, and zinc. 

RESUL'IS AND DISCUSSION 

Levels of iron, manganese, copper, and zinc in the foliage are 

shown in Table 1. Except for samples from the upland forest site at 

Bowsman, levels of iron and manganese appear low when compared to values 

reported for various tree species (Stone, 1968). Copper levels appear 

low to intermediate with the exception of levels found in chlorotic trees 
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Table 1. Concentration (ppm) of micronutrients in the 
aspen foliage from Bowsman and AnoIa, Manitoba. 
July, 1969. 

IDcation* Iron Manganese Copper Zinc 

(I) 
b a a 

74.3 
b 

A 59.7 20.7 3.7 

(II ) 
b 

37.7ab 5.3a 79.0b 52.3 

(III) 
b 

53.0 47.3 
b 

3.0a 83.3
b 

B 67.3
b 

84.7c 
2.3 

a 
126.oc 

(I) 
a 

22.7a 6.oa 27.7a C 23.7 

(II) 33.7ab 26.oa 5.0a 74.3b 

*Sampling locations: A. Porcupine Forest Reserve, near 
Bow sman , Manitoba; (I) (II) pockets of chlorotic 
trees; (III) pocket of trees with normal green color. 
B. Porcupine Forest Reserve, stand with no chlorotic 
trees, four miles from location A. C. Anola, Manitoba; 
(I) chlorotic trees, (II) normal green trees. 

abc 
Duncan's Multiple Range Test: Means followed by the 
same letter in a column are not significant~ different 
at P ::: 0.05. 
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at Anola. Zinc levels appear high. Although aspen accumulated zinc 

(Gerloff et al.,1966), a concentration of only 28 ppm of the element was 

found in the chlorotic trees at the Anola site. At Bowsman, the foliage 

in the stand with no chlorotic trees contained 126 ppm zinc. This is 

consistent with the findings of Gerloff et al. (1966), who reported a 

concentration of 127 ppm zinc in aspen foliage. stone (1968) pointed out 

that excess zinc produces a chlorosis similar to that of iron deficiency. 

Significant differences among sampling locations were observed for iron, 

manganese, and zinc. Differences in micronutrient levels in groups of 

trees at the same location were not statistically significant, except for 

manganese at the Bowsman location where chlorotic trees were present. 

Soil analyses made in conjunction with the foliar analyses showed 

two main features, namely: high levels of alkaline-earth carbonates in 

soils where chlorotic trees were located (Table 2) and relatively very 

low levels of iron, manganese, and zinc in Anola soils. It appears that 

the observed foliar symptoms may have been due to manganese deficiency, 

possibly iron deficiency or a combination of these deficiencies. These 

elements did not appear to be deficient in the soil, at least in the 

Bowsman area but could have been rendered unavailable by alkaline-earth 

carbonates as indicated by Read and Sheldrake (1966). Stone (1968) has 

emphasized that calcareous soils are the most common sources of iron defi­

ciency problem in forest areas. Within an area, differences in symptoms 

not reaily explainable by soil or tissue analyses were more likely attri­

butable to interclonal variation (Barnes, 1966) in response to soil 

conditions. 



Table 2. Results of analysis of soils from Bowsman and Anola, Manitoba; July, 1969. 

Alkaline -earth 
Depth carbonates {~2 Exch. Ca Exch. Mg Fe Mn Cu Zn 

Location* (inches) pH Calcite Dolomite (meg}100g) (meg}100g) (ppm) (ppm) (ppm) (ppm) 

A (I) 0-5 6.7 0.2 0.3 65.5 24.3 401 29.0 4.7 25.3 

.5-10 6.9 0.1 0.2 29.1 12.6 838 6.6 3.5 3.0 

10-16 7.3 0.1 3.6 18.9 10.9 269 1.6 4.2 0.8 

(II) 0-6 7.2 0.3 1.0 63.6 7.8 413 30.8 6.5 47.8 

6-14 7.3 0.4 0.2 18.9 5.1 643 7.3 4.9 5.5 

14-20 7.4 0.5 2.5 15.3 7.3 194 1.8 7.5 0.6 

(III) 0-6 6.0 0.0 0.0 41.2 11.9 1399 41.6 5.1 4.6 

6-10 7.0 0.4 1.9 21.2 8.8 608 7.4 5.2 0.8 ' 

10-12 7.8 3.9 19.6 25.0 6.4 109 1.9 3.2 1.1 

12-18 8.1 18.3 29.0 24.7 4.7 23 0.8 0.8 0.3 

B 0-5 6.2 0.0 0.0 32.8 6.7 491 50.9 3.7 39·3 

5-9 5.8 0.0 0.0 3.4 1.2 206 13·9 0.3 6.4 

9-14 6.0 0.0 0.0 10.2 5.7 248 25.7 0.5 0.8 

C (I) 2-5 8.4 18.0 26.6 37.2 11.0 38 1.4 2.4 2.8 

(II) 2-5 8.4 18.4 35.0 36.4 6.7 33 1.0 1.3 l.0 

* Sampling locations: See Table l. 
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Further investigations of trace-element nutrition of trembling 

aspen may help to explain its poor growth on many sites. Foliar appli­

cation of trace elements to test plots will be necessary in certain areas 

to confirm their deficiencies. 
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