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Vegetative growth of lingonberries was observed on plants growing in four un­
sterilized, native-Alaskan substrates: coarsely-ground Lemeta peat, Fairbanks silt 
loam soil, a mixture of peat and silt loam soil and washed Chena very fine sandy 
loam soil. Following three growing seasons, plants in the peat treatment showed 
the greatest increase in vegetative growth as revealed by the number of new stems 
produced, stem length and dry weight per plant. Leaf size did not differ among 
substrate treatments. The leaves on plants grown in the peat substrate remained 
green throughout the entire experiment. The leaves of plants in all other treatments 
showed varying degrees of chlorosis followed by reddening and necrosis. Differ­
ences in concentration of N, P, K, Mn, Fe, Zn and Al in whole-plant tissue samples 
were recorded. The results indicate lingonberries should be grown in a peat sub­
strate for maximum growth and dry matter accumulation. 

On a observe la croissance vegetative de la Lingonne ( Vaccinium l'itis-idaes 
L.) sur quelques substrats de culture naturels, non sterilises, de !'Alaska : tourbe 
Lemeta grossierement broyee, loam limoneux de Fairbanks, melange tourbe et 
loam limoneux, et loam sableux tres fin de Chena lave. Au terme de trois saisons 
de vegetation, !es plantes cultivees en tourbe afficaient la plus forte croissance 
vegetative,d'apres le nombre de nouvelles tiges produites, la longueur des tiges 
et le poids sec par plante. La taille des feuilles etait la meme dans tous Jes 
traitements. Les feuilles des plantes cultivees sur tourbe sont res tees vertes durant 
toute !'experience. alors que dans les autres substrats elles manifestaient divers 
degres de chlorose. suivie de rougissement et de necrose. On a constate des 
differences dans ]es concentrations de N. P. K. Mn. Fe. Zn et Al des tissus de 
plante entiere. La tourbe apparait done comme le meilleur substrat de culture 
pour ce petit fruit. 
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The lingonberry. Vaccinium vitis-idaea 
L., is a woody, evergreen shrub whose dis­
tribution extends from arctic to north-tem­
perate regions in Eurasia and North Amer­
ica. Throughout this range. the lingonberry 
is most abundant in forest habitats which 
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are characterized by leached soils with low 
base saturation. low lime content and a low 
level of available nutrients (lngestad 1973). 
Vegetative growth and fruit productivity 
are favored by acid soils (pH 5-6) (Ipatov 
et al. 1977; Tear 1972) and a substantial 
decaying organic matter layer (Tear 1972; 
Stark et al. 1978). Few studies which de­
termine the optimum substrate environ­
ment for lingonberries in cultivation have 
been reported. Experiments in Finland 
have shown that milled peat (pH 4.4) pro­
vides a better substrate than sandy soils 
(pH 6.4) or a mixture of equal volumes of 
sand and peat (pH 5.0). Vegetative growth 
is poorest on sandy soils (Lehmushovi and 
Sako 1975). A Swedish study has shown 
that the best substrates for lingonberry cul­
tivation are sandy. acidic (pH 5-6) soils 
with at least a 2% organic matter content 
(Fernqvist 1977). Similar studies using 
substrates from Alaska have not been re­
ported. The purpose of this study was to 
investigate differences in plant nutrition 
and development of lingonberries growing 
on four Alaskan substrates in order to de­
termine the optimum substrate environ­
ment for maximum vegetative growth. 

MATERIALS AND METHODS 
A clone of lingonberry. Vaccinium i·itis-idaea 
L. ssp. minus (Lodd.) Hult.. was divided into 
plants consisting of a single rhizome. 10-11 cm 
in length; a single. leafy. vegetative rhizome 
branch (the main stem). 6-7 cm in length; and 
an undetermined amount of adventitious roots 
on the rhizome. Five plants were grown in a 
15 x 15 x 15-cm plywood container lined with 
clear polyethylene that was perforated at the 
base to allow drainage. Containers were buried 
in the ground to within 2 cm of the top. Treat­
ments consisted of equal volumes of four un­
sterilized. native-Alaskan substrates: coarsely­
ground Lemeta peat (peat); Fairbanks silt loam 
soil (soil): a mixture of equal volumes of peat 
and silt loam soil (soil-peat); and washed Chena 
very fine sandy loam soil (sand) (Rieger et al. 
1963). lrrometers were placed within each sub­
strate. and treatments were irrigated with rain 
water to maintain substrate moisture levels be­
low 20 centibars. Daily temperatures were re-

corded at a depth of 7 cm with a Taylor Bi­
Therm soil temperature probe. 

Samples of each substrate were frozen for 
chemical analysis which included the following: 
percent (NO, + NO,) N by KC! leaching 
(Black et al. 1965) and colorimetric analysis on 
a Technicon Autoanalyzer II: Bray-! phosphate 
(Black et al. 1965): ppm of K. Ca and Mg by 
NH4OAc leaching and Inductively Coupled 
Plasma-Atomic Emission Spectroscopy (lCP) 
(Dahlquist and Knoll 1978); ppm of Fe, Cu. Zn 
and Mn by DTPA-TEA extraction (Lindsay and 
Norwell 1978) and ICP: Al by KC! extraction 
and ICP; and organic matter by colorimetric 
method after wet oxidation with H,SO 4 and 
K,Cr,O 7 (Black et al. 1965). 

The experiment was a randomized complete 
block design with five plants per treatment and 
four replicates. Plants were maintained within 
each treatment for one. two or three growing 
seasons. All experiments were conducted in the 
field near Fairbanks. Alaska during the 1978, 
1979 and 1980 growing seasons. 

Plants were harvested during the second week 
of September. Data collected included the num­
ber of leaves per stem and stem length of the 
main stem. lateral branches and leafy rhizome 
branches. Counts also included the number of 
lateral branches. leafy rhizome branches and 
new rhizomes per plant. Leaf length and width 
measurements were combined into a length­
width ratio to give an estimate of leaf size of 
the main stem. lateral branches and leafy rhi­
zome branches. 

All plant parts within each treatment were 
divided into four groups: leaves. vertical stems. 
rhizomes and roots. Each group was washed in 
deionized. distilled water and dried in a forced­
draft oven at 60°C for 24 h after which dry 
weight measurements were recorded. The 
groups were recombined for whole-plant tissue 
analysis. Samples were ground, dry ashed and 
analyzed for percent N by the Kjeldahl method. 
and for ppm P, K. Ca. Mg. Al. Fe. Mn. Zn. Cu 
and B by ICP. All data were analyzed by the 
analysis of variance. 

RESULTS 
On plants maintained for one growing sea­
son, the number of lateral branches, leafy 
rhizome branches and new rhizomes aver­
aged less than one per plant regardless of 
substrate treatment. Plants in each treat-
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ment did not differ in stem length, leaf size 
or dry weight, and the tissue analysis re­
vealed no significant differences among 
treatments in the concentration of elements 
in the whole-plant samples. 

Differences among substrates in the con­
centration of elements are listed in Table 
l. 

Plants maintained for two growing sea­
sons showed significant differences in the 
number of new rhizomes and leafy rhizome 
branches per plant (Table 2). In both in­
stances, plants grown in peat produced 
more than twice the number of stems per 
plant than plants grown in soil, soil-peat 
or sand. The leafy rhizome branches and 
new rhizomes were significantly longer in 
plants grown in peat than in all other treat­
ments (Table 2). No differences among 
treatments were observed in the number of 
leaves per stem of the main stem, leafy 
rhizome branches, lateral branches. the 
number and length of lateral branches, leaf 
size or dry weight. 

The leaves on all stems of plants grown 
in peat remained green throughout the sec­
ond growing season. Plants grown in soil­
peat had green leaves on the main stem and 
lateral branches. but leaves of the leafy rhi-

zome branches were pale green with red­
dish margins. New leaf growth on plants 
grown in sand was uniformly chlorotic 
with reddish margins. Older leaves on the 
main stem were a uniform dull red color. 
Plants grown in soil had bright red leaves 
at the base of the main stem. Leaves be­
came progressively greener toward the 
stem apex. All new growth was pale green, 
tinged with red. 

The tissue analyses of plants grown for 
two seasons revealed significant differ­
ences in the concentration of Al and Fe in 
the whole-plant tissue samples (Table 3). 
In both instances, plants grown in soil con­
tained the greatest amount of these ele­
ments. The concentration of tissue N was 
higher in plants grown in peat than in all 
other treatments. There were no differ­
ences among treatments in the concentra­
tion of all other elements. 

Plants grown for three seasons differed 
significantly in the number of lateral 
branches, leafy rhizome branches and new 
rhizomes per plant (Table 2). With all three 
stem types, plants grown in peat had sig­
nificantly greater numbers per plant than 
plants grown in the other three substrates. 
The number of leaves on the main stem and 

Table I. Characteristics of four Alaskan substrates used for growing lingonberries 

Substrate characteristic Sand Soil Soil-peat Peat 

Organic matter ('k) 0.3 1.4 5.3 
pH 6.4 6.5 5.4 4.8 
Average temperaturei" 

(OC) 
June 13.4 13.2 13.2 13. l 
July 16.0 15.8 15.9 15.8 
Aug. 15.8 15.0 15.2 15.0 

(NO, + NO,)- N (ppm) 4.2 !OJ .0 3.4 3.9 
Bray-1 phosphate (ppm) 24. l 26.2 21.7 5.9 
K (ppm) 96.0 136.4 103.6 32.8 
Ca (ppm) 1947.3 4251.5 1421. 9 191.5 
Mg (ppm) 370.5 808. l 282.5 34.1 
Mn (ppm) 16. l 38. l 11. 9 3.4 
Fe (ppm) 148. l 992. 7 315.6 36.3 
Al (ppm) l.4 7.9 1.0 0.5 
Zn (ppm) 2.1 27.2 0.9 0.5 
Cu (ppm) 4.9 6.3 5.4 0.8 

i"Tempcrature data are for the l 980 growing season. Average temperatures for l 978 and l 979 differed by less 
than 2°C from the l 980 temperatures. 
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Table 2. Average number of stems and leaves per plant and average stem length of lingonberrics grown in 
peat. soil, soil-peat and sand substrates 

Average number per plant 

Leafy 
Lateral Leaves per rhizome New 

Substrate branches lateral branch branches rhizomes 

Tii·o seasons 
Sand 0.06 NS 3.00 NS 0.00 b 0.25 b 
Soil 0.06 4.00 0.31 b 0.50 b 
Soil-peat 0.3 l 6.67 0.81 b 0.38 b 
Peat 0.94 4.00 2.25 a l. l 3 a 

Three seasons 
Sand 0. 19 b 3.00 b 0.06 b 0.88 b 
Soil 0.38 b 2.33 b 0.63 b 0.31 b 
Soil-peat 0.75 b 5.66 ab 0.94 b 1.56 b 
Peat 2.06 a 8. 15 a 4. 19 a 4. ]3 ll 

a,b Mean separation by Duncan's new multiple range test, 5¼ level. 
NS = nonsignificant at the 517c level. 

Average length (cm) 

Leafy 
rhizome Ne\v 
branches rhizomes 

l.68 b 
1.49 b 1.37 b 
l.94 b 1.54 b 
3.50 a 4.06 a 

1.22 h 1.38 b 
2.18 b 1.32 I> 
1.49 b 1.65 b 
3.98 a 4.42 a 

leafy rhizome branches did not differ 
among treatments. The main stem aver­
aged 16.52-19.25 leaves per stem, while 
leafy rhizome branches averaged 
3.17-4.57 leaves per stem. Plants grown 
in peat had a significantly greater number 
of leaves on lateral branches than plants 
grown in soil and sand. The leafy rhizome 
branches and new rhizomes were signifi­
cantly longer in plants grown in peat than 
in all other treatments (Table 2). Similar 
leaf size measurements were recorded for 
each stem type under all treatments. The 
length-width ratio was 1.69-1. 76 for 

leaves on the main stem, l .62-1.83 for 
leaves on lateral branches and 1.38-1.62 
for leaves on leafy rhizome branches. 

Leaves and rhizomes comprised the 
greatest proportion of plant dry weight 
(Table 4). The dry weight of vertical 
stems, leaves and rhizomes was signifi­
cantly greater in the peat treatment than in 
the other substrates. Greater amounts of 
roots occurred in the peat and sand treat­
ments than in soil and soil-peat treatments. 

Leaves on plants in the peat substrate 
remained green throughout the third grow­
ing season. All new leaves on plants grown 

Table 3. Element concentration in whole-plant tissue samples of lingonberries grown in peat. soil. soil-peat 
and sand substrate 

N p K Al Fe Mn Zn 
Substrate (¼) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) 

T\\'o sellsons 
Sand 0.53 b 495.59 NS 2135.75NS 292.80 h 273.79 C 401 .61 NS 23.53 NS 
Soil 0.59 b 638.5 I 2132.70 650.44 a 1928.35a 476.42 25.5 I 
Soil-peat 0.62 b 652.70 1779.25 520.90 ab 694.93 b 437 .50 22.8 I 
Peat 0.87 a 885. IO 2871.20 302.52 b 35J. J3 C 642.03 35.45 

Three seasons 
Sand 0.72 b 521.891, 1684.60/J 338.88 b 686.65 c 495.02 b 34.07 lib 
Soil 0.92 a 693.21 h 2111.IOb 1078.36 a 3039.25 Cl 333.69 b 27.22b 
Soil-peat 0.67 b 728.96 b 1979.90 b 867 .67 u 1446.95b 485.61 b 31 .12 ab 
Peat 0.96 II 1041.30a 3534.45 a 307 .58 b 311.47 ,· 939.8 I a 4 I. 70 a 

a,b Mean separation by Duncan·s new multiple range test. 5¼ level. 
NS - nonsignificant at the S'lc level. 
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Table 4. Average dry weight of vertical stems. leaves. rhizomes and roots of Jingonberrics grown in four 
Alaskan substrates for three growing seasons C C 

Dry weight ( mg) 

Vertical 
Substrate sterns Leaves Rhizomes Roots 

Sand 35.3 b 66.3 b 119.8 b 12.4 a 
Soil 44.4 b 55.9 b 1 I 9.7 b 3,5 b 
Soil-peat 38.7 b 68.7 b 111.5 b 7.0 b 
Peat 70.8 a 176. l a 161.9 a 17.5 a 

a,b Mean separation by Duncan·s new multiple range test. S'if level. 

in soil-peat were uniformly chlorotic with 
reddish margins. Older leaves on the main 
stem were pale green. becoming increas­
ingly more red as the season progressed. 
Plants in soil and sand had similar color 
patterns to plants grown in the same sub­
strates for two seasons. The reddening of 
the older leaves on the main stem was gen­
erally followed by necrosis. 

Significant differences were observed in 
7 of the 1 l elements studied by tissue anal­
ysis (Table 3). Plants grown in peat had 
greater concentrations of tissue P, K and 
Mn than plants grown in the other three 
treatments. Tissue N was highest in the 
peat and soil treatments. Plants grown in 
soil and soil-peat had significantly greater 
quantities of tissue Al and Fe amounting 
to more than double the concentration 
found in plants grown in peat and sand. 
The concentration of tissue Zn was highest 
in peat and soil-peat treatments. The tissue 
concentrations of Ca, Mg, Cu and B did 
not differ among treatments. The average 
range of these elements was: Ca, 4355.30-
6330.70 ppm: Mg, 1336.05-1624.35 ppm; 
Cu, l 1.09-30.45 ppm; and B, 66.33-86.21 
ppm. 

DISCUSSION 
Vegetative growth of lingonberries was 
best in a peat substrate, and growth was 
poorest in sand and soil. These results are 
similar to those reported by Lehmushovi 
and Sako (1975) who found that milled 
peat was a better substrate than sand or a 

mixture of sand and peat. These studies 
differ from the results reported by Fern­
qvist (1977) who stated that sandy soils 
were best for lingonberry growth in culti­
vation. The discrepancy may be explained 

differences in chemical and physical 
properties of the substrates at each exper­
imental location or to plant variability. All 
three studies reveal the importance of pH 
and organic matter content as substrate 
components. 

In their native habitat. lingonberries 
have been found to grow in substrates hav­
ing a pH range of 2.7-5.5 (Krylova and 
Trernbalya l 978). The optimum range for 
vegetative growth and productivity is pH 
5-6 (Ipatov et al. l 977: Fernqvist 1977). 
In the present study, both the soil and sand 
substrates had values which were 
greater than the optimum range. while the 
peat substrate was slightly lower than op­
timum (Table l). The soil-peat substrate in 
which lingonberries grew poorly was 
within this range. These results indicate 
that the optimum pH range may be lower 
than previously reported, and other sub­
strate components, in addition to pH, prob­
ably influence lingonberry growth. Con­
siderable variability also may exist in 
lingonberries for tolerance to different pH 
levels. Brown and Draper ( 1980) reported 
such variability in blueberries and con­
cluded that through selection, blueberries 
might be grown in soils with a wider pH 
range. Comparisons among several popu­
lations will be necessary to verify this in 
lingonberries. 
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The substrate organic matter content 
seems to promote vegetative growth in lin­
gonberries. In their native habitat, lingon­
berries are often found in greatest abun­
dance on top of decaying tree stumps and 
old ant hills (Tear 1972). In forest com­
munities, most of the roots and rhizomes 
of lingonberries occur in the organic litter 
horizon (Ritchie 1955; Persson 1978). 
Smith (1962) noted that the maximum root­
ing depth was a function of the depth of 
the organic matter layer, but Kerekova 
(1970) found no such relationship. The or­
ganic matter content may also influence the 
quantity of mycorrhizal fungi infecting the 
roots (Haselwandter 1979). Mycorrhizas 
have been shown to enhance the efficiency 
of nitrogen absorption ( Stribley and Read 
1975) and improve vegetative growth and 
vigor of several ericaceous plants including 
lingonberries (Warming 1908; Haselwand­
ter 1979). 

Cultivation experiments substantiate the 
necessity for organic matter in the sub­
strate. The present study and that of Leh­
mushovi and Sako (1975) show that sub­
strates composed primarily of organic 
matter increase vegetative growth. Opti­
mum growth on sandy soils in Sweden re­
quires at least a 2% organic matter content 
(Fernqvist l 977). In the present study, the 
organic matter content of the sand and soil 
substrates may have been too low for op­
timum growth (Table 1). Although the soil­
peat substrate had an organic matter con­
tent which was higher than the minimum 
reported by Fernqvist (1977), growth was 
poor. 

Marginal soils having a low organic mat­
ter content produce symptoms of Fe chlo­
rosis in blueberries. This nutrient disorder 
is characterized by interveinal chlorosis of 
the younger leaves followed by uniform 
leaf and stem chlorosis and stunted growth 
(Ballinger 1966). Chlorosis occurred on 
the youngest leaves of lingonberries grown 
in sand, soil and soil-peat, but the char­
acteristic interveinal chlorosis pattern was 
not evident. 

The concentration of Fe in tissue sam­
ples is not indicative of the amount of 
available Fe in the plant. Plants showing 
Fe chlorosis symptoms may often be higher 
in the total concentration of tissue Fe than 
healthy plants (Mengel and Kirkby 1979). 
DeKock et al. (1960) considered that a bet­
ter measure of the amount of available Fe 
in tissue samples is the P/Fe ratio. High Pl 
Fe ratios indicate a greater quantity of the 
unavailable form of Fe and are usually as­
sociated with Fe chlorotic tissue (Mengel 
and Kirkby 1979). The following P/Fe ra­
tios were calculated for the four treatments 
following three growing seasons: peat, 
3.34; soil-peat, 0.50; soil. 0.23; and sand, 
0. 76. These data. along with the leaf color 
symptoms, indicate that Fe deficiency is 
probably not a factor in this study. The 
differences in tissue Fe concentrations may 
be related to the quantity of Fe in each sub­
strate since plants having the highest levels 
of total Fe after two and three growing sea­
sons (Table 3) were associated with the soil 
and soil-peat substrates which had very 
high Fe concentrations (Table 1). 

Concentrations of tissue Al differ sig­
nificantly among substrate treatments after 
two and three growing seasons (Table 3). 
Like Fe. the Al concentration is probably 
related to the availability of Al in each sub­
strate and to substrate pH (Table l). Toxic 
levels of Al occur on acid soils especially 
where pH is below 5.5 (Mengel and Kirkby 
1979). Since reduced vegetative growth 
occurred on substrates with a pH of 5 .4 
and higher. and the symptoms of Al tox­
icity (dark green leaves, stem purpling, 
low P concentration) did not occur. toxic­
ity probably was not a factor. Similar Al 
concentrations to those reported in this 
study were recorded by Firsova and Pav­
lova ( 1975) for stem and leaf tissue of lin­
gonberries growing in their natural habitat. 

The predominant color change noted was 
a progressive chlorosis of all leaves and a 
reddening of the older leaves on plants in 
the sand and soil treatments after two 
growing seasons and to a lesser extent in 
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the soil-peat treatment after three growing 
seasons. Leaf chlorosis and reddening have 
been associated with N deficiency in blue­
berries (Ballinger 1966) and cranberries 
(Somogyi et al. 1964; Torio and Eck 
1969). Following two growing seasons, 
lingonberries in the peat treatment had sig­
nificantly greater tissue concentrations of 
N than plants in the other three treatments, 
indicating a possible deficiency of avail­
able Nin the soil, soil-peat and sand treat­
ments. During the third growing season, 
the tissue N levels were similar for the soil 
and peat treatments even though plants 
growing in soil were chlorotic and red 
while plants in the peat substrate remained 
green. This discrepancy may be explained 
by the form of N in each substrate. Nitrate 
(NO 3 - N) is usually considered to be the 
major source of inorganic N for plants, but 
the rate of nitrification in acid soils below 
pH 5. 5 is very low. Consquently. NO 3 - N 
is not considered to be a significant source 
of N in acid soils (Havill et al. 1974). The 
use of ammonium (NH_, - N) as the major 
source of N has been demonstrated in blue­
berries (Cain l 952: Townsend 1966). cran­
berries (Greidanus et al. 1972). and lin­
gonberries (Mueller-Stoll 1947; Marthaler 
1939; Havi!l et al. 1974). In contrast. 
Hammett and Ballinger ( 1972) showed that 
blueberries grown in sand culture utilized 
either NO 3 - N or NH_, - N equally well. 
Greidanus et al. ( I 972) found that cran­
berries grown with high levels of NO1 - N 
showed deficiency symptoms and poor 
growth with tissue concentrations of 
1.34%. In contrast, whereNH.,-Nwasthe 
only source, deficiency symptoms did not 
occur until tissue concentrations were 
0. 72~0. 91 % . A similar situation in lingon­
berries might explain why deficiency 
symptoms occurred in the soil treatment 
but not in the peat treatment. even though 
the tissue N levels were the same. The soil 
substrate contained a considerably greater 
amount of NO 3 - N than the peat substrate 
(Table 1 ). 

Lingonberries grown on either the soil 

or sand treatments showed chlorotic and 
red growth, although the manifestation of 
these symptoms was different for each sub­
strate. Perhaps the plants grown on the 
sand substrate were deficient in N because 
of substrate deficiency, while the redden­
ing and chlorosis in the soil treatment was 
related to the form and not the quantity of 
N. Since deficiency levels of N and other 
elements have not been established, and 
plant color variations in relation to these 
deficiencies have not been identified in lin­
gonberries, further studies will be neces­
sary in order to clarify these observations. 

The higher amounts of Mn and Zn re­
corded in plants grown in the peat sustrate 
do not agree with the concentrations of 
these elements in each substrate (Tables 1 
and 3). The higher levels found in the peat­
treated plants may be related to a greater 
solubility of these elements at low sub­
strate pH levels (Mengel and Kirkby 1979). 

Two other substrate components, tem­
perature and moisture content, are proba­
bly not significant factors in this study. 
Substrate temperature did not differ by 
more than I °C among treatments for each 
growing season (Table 1), and, due to fre­
quent rainfall, irrometer readings rarely 
reached the 20-centibar limit. Supplemen­
tal hand irrigation was unnecessary during 
most of the experiment and substrates re­
mained moist, but well-drained. 

In conclusion, maximum vegetative 
growth and optimum plant nutrition oc­
curred in plants grown in a peat substrate. 
High pH and low organic matter content 
probably prevented optimum growth in 
sand, soil, and soil-peat. In addition, leaf 
chlorosis and reddening revealed nutri­
tional disorders possibly relating to the 
form and quantity of N as a factor in re­
ducing vegetative growth in soil, soil-peat 
and sand. These data indicate that agricul­
tural soils, as exemplified by the silt loam 
soil and sandy alluvial soils, are not ap­
propriate. Incorporation of peat into the 
agricultural soils improved growth only 
slightly. Greater quantities of organic mat-



976 CANADIAN JOURNAL OF PLANT SCIENCE 

ter may be necessary to allow cultivation 
of lingonberries on agricultural soils. but 
this procedure may be uneconomical. 

ACKNOWLEDGMENTS 
The authors wish to thank Robert C. Munter. 
Research Analytical Laboratory. Department of 
Soil Science, University of Minnesota, Saint 
Paul, Minnesota, for conducting the soil and 
tissue analyses. 

BALLINGER, W. E. 1966. Soil management, 
nutnt1on, and fertilizer practices. Pages 
132-178. in P. Eck and N. F. Childers. eds. 
Blueberry culture. Rutgers University Press, 
New Jersey. 
BLACK, C. A., EVANS, D. D., WHITE, J. 
L., ENSMINGER, L. E. and CLARK, F. E., 
eds. 1965. Methods of soil analysis. Parts 1 and 
2. American Society of Agronomy. Madison, 
Wis. 
BROWN. J. C. and DRAPER, A. D. 1980. 
Differential response of blueberry (Vaccinium) 
progenies to pH and subsequent use of iron. J. 
Am. Soc. Hortic. Sci. 105: 20-24. 
CAIN. J. C. 1952. A comparison of ammonium 
and nitrate nitrogen for blueberries. Proc. Am. 
Soc. Hortic. Sci. 59: 161-166. 
DAHLQUIST. R. L. and KNOLL, J. W. 1978. 
Inductively coupled plasma-atomic emission 
spectroscopy: analysis of biological materials 
and soils for major, trace, and ultra-trace ele­
ments. Appl. Spectrosc. 32(1): 1-30. 
DeKOCK, P. C., HALL, A. and Mac­
DONALD, M. 1960. A relation between the 
ratios of phosphorus to iron and potassium to 
calcium in mustard leaves. Plant Soil. 12: 
128-142. 
FERNQVIST. I. 1977. Results of experiments 
with cowberries and blueberries in Sweden. 
Acta Hortic. 61: 295-300. 
FIRSOVA, V. P. and PAVLOVA, T. S. 1975. 
Ash content of plants of the northern taiga for­
ests of the Urals. USSR. Ekologiya 6: 30-35. 
GREIDANUS, T.. PETERSON, L. A., 
SCHRADER, L. E. and DANA, M. N. 1972. 
Essentiality of ammonium for cranberry nutri­
tion. J. Am. Soc. Hortic. Sci. 97: 272-277. 
HAMMETT, L. K. and BALLINGER, W. E. 
1972. A nutrient solution-sand culture system 
for studying the influence of N form on high­
bush blueberries. Hortscience 7: 498-500. 
HASELWANDTER. K. 1979. Mycorrhizal sta­
tus of ericaceous plants in alpine and subalpine 

areas. New Phytol. 83: 427-431. 
HAVILL, D. C., LEE, J. A. and STEWART. 
G. R. 1974. Nitrate utilization by species from 
acidic and calcareous soils. New Phytol. 73: 
1221-1231. 
INGEST AD. T. 1973. Mineral nutrient require­
ments of Vaccinium vitis-idaea and Vaccin­
ium myrtillus. Physiol. Plant. 29: 239-246. 
IPATOV, V. S., KIRIKOVA, L. A. and 
AGARKOVA, V. G. 1977. Influence of acidity 
on the character of the herbaceous plants­
shrubby cover in spruce forests. Sov. J. Ecol. 
5: 410-415. 
KEREKOVA, L.A. 1970. The distribution of 
subterranean parts of certain species of the 
herb-dwarf layer in a spruce forest. Bot. Zhur. 
55: 1290-1300. 
KRYLOVA, I. L. and TREMBALYA, YA. S. 
1978. Productivity of Vaccinium vitis-idaea 
leaves in the central belt of the European part 
of the USSR. Rastit. Resur. 14: 184-191. 
LEHMUSHOVI, A. and SAKO, J. 1975. Do­
mestication of the cowberry (Vaccinium vitis­
idaea L.) in Finland. Ann. Agric. Fenn. 14: 
227-230. 
LINDSAY, W. L. and NORWELL, W. A. 
1978. Development of a DTPA soil test for 
zinc, iron, manganese, and copper. Soil Sci. 
Soc. Am. J. 42: 421-428. 
MARTHALER, H. 1939. The nitrogen nutri­
tion of high-moor plants and its relation to xe­
romorphy. Jahrb. Wiss Bot. 88: 723-758. 
MENGEL, K. and KIRKBY, E. A. 1979. Prin­
ciples of plant nutrition. 2nd ed. International 
Potash Institute, Berne, Switzerland. 
MUELLER-STOLL. W. 1947. The influence 
of nutrition of xeromorphy in high-moor plants. 
Planta 35: 225-251. 
PERSSON, H. 1978. Root dynamics in a young 
Scots pine stand in central Sweden. Oikos 30: 
508-519. 
RIEGER, S .. DEMENT, J. A. and SANDERS. 
D. 1963. Soil Survey of Fairbanks Area, 
Alaska. U.S. Dep. Agric. Soil Conservation 
Service Series 1959. No. 25. 
RITCHIE, J. C. 1955. Biological flora of the 
British Isles. Vaccinium vitis-idaea L. J. 
Ecol. 43: 701-708. 
SMITH, D. W. 1962. Ecological study of Vac­
cinium species in Alberta. Can. J. Plant Sci. 
42: 82-90. 
SOMOGYI, L. P .. CHILDERS, N. F. and 
ECK, P. 1964. Influence of nitrogen source and 
organic matter on the cranberry ( Vaccinium 



HOLLOWAY ET AL. - GROWTH OF LINGONBERRIES IN ALASKA 977 

macrocarpon Ait.) Proc. Am. Soc. Hortic. 
Sci. 84: 280-288. 
STARK, R., HALL. I. V. and HENDRICK­
SON, P. A. 1978. The Partridgeberry of New­
foundland. Canadex Horticultural Crops. Ag­
riculture Canada #230. 
STRIBLEY, D. P. and READ. D. J. 1975. 
Some nutritional aspects of the biology of the 
ericaceous mycorrhizas. Pages 195-207 in F. 
E. Sanders. B. Mosse and P. B. Tinker, eds. 
Endomycorrhizas. Academic Press, New York. 
TEAR, J. 1972. Vegetative growth and fruit 
production in wild and cultivated cowberry. 

Ph.D. Thesis. Institute of Horticulture, Alnarp, 
Sweden. 
TORIO, J. C. and ECK, P. 1969. Nitrogen, 
phosphorus, potassium, and sulfur nutrition of 
the cranberry in sand culture. J. Am. Soc. Hor­
tic. Sci. 94: 622-625. 
TOWNSEND, L. R. 1966. Effect of nitrate and 
ammonium nitrogen on the growth of the low­
bush blueberry. Can. J. Plant Sci. 46: 209-210. 
WARMING. E. 1908. The structure and biol­
ogy of arctic flowering plants. I. Ericineae. 
Morphology and biology. Meddel. Gronland 
36: 5-71. 




