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ABSTRACT. -- Twenty half-sib familes of Larix laricina from 5 stands in
Nova Scotia were grown under 3 nitrogen levels (12.5, 50, 200 ppm) in a
greenhouse for 20 weeks. Tissue nitrogen concentrations were determined
by using an automatic analyser. The results showed that the effect of
nitrogen on tissue nitrogen concentrations, accumulations and utiliza-
tion efficiency was stronger than the genetic effect. The family effect
was significantly different for total plant nitrogen concentration,
accumulation and utilization efficiency. The family x fertilizer inter-
action was significantly different at the 1% level only for total plant
nitrogen accumulation. Narrow-sense heritability estimates were 0.43,
0.49 and 0.32 for total plant nitrogen concentration, accumulation and
utilization efficiency, respectively. Families that were capable of
accumulating more nitrogen and utilizing it more efficiently also grew
best.

INTRODUCTION

Increased use of fertilizers in forestry has stimulated interest
in selecting and breeding for genetic response to fertilization.
Because wood production can be increased by both environmental and gen-
etic manipulation, gains should result from combining the best cultural
treatments with optimum genetic responses to those treatments (Zobel and
Roberds 1970, Kitzmiller 1972). Since the early 1960's, several invest-
igations have been carried out to determine the magnitude of genetic
variation in nutrient response among and within tree species. Results
have indicated that within some tree species, there are inherent differ-
ences in nutrient response (Jahromi et al. 1976, Roberds et al. 1976,
Bell et al. 1979). There are "specialists" that perform well only at
high or Tw nutrient regimes, and "generalists" that do well at all nut-
rient regimes. The principal reason for these differences is that some
genotypes are capable of absorbing and utilizing nutrients more effici-
ently than others (Walker and Hatcher 1965, Woessner et al. 1975, Clark
1983), and these genotypes also grow well.

Eastern larch or tamarack (Larix laricina [Du Roi] K. Koch) is
one of the most widely distributed North American conifers and grows
under extremely varied climatic and soil conditions. Thus it should be
expected to possess considerable genetic variation (Wright 1976).
Because tamarack was not of great economic importance in the past,
genetic information on it is limited. Results from provenance trials
have indicated that there are significant differences in survival,
height and diameter growth (Rehfeldt 1970, Sajdak 1970, Jeffers 1975,
Cech et al. 1977, Riemenschneider and Jeffers 1980). Park and Fowler
(1982T examined the genetic structure in natural stands using material
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from controlled pollination. Self-pollination resulted in an increase
in the proportion of empty seeds and in reduced germination, survival,
and growth.

In recent years it has been shown that height growth of young
tamarack exceeds that of all of its common coniferous associates on both
upland and lowland sites (Mead 1978), and it is now regarded as a favor-
able reforestation species in North America. In addition to selection
for improved stem form and growth, fertilization is an option to in-
crease yields even more. However, forest managers will wish to plant
genotypes that utilize fertilizers most efficiently. Since variation in
response to fertilizers has never been explored, it was made the object-
ive of this study. This paper reports on tissue nitrogen concentra-
tions, accumulations, and utilization of 20 tamarack families grown at 3
nitrogen levels in the greenhouse.

MATERIALS AND METHODS

Plant Materials

Seeds used in this study were collected from 4 parent trees in
each of 5 stands in Nova Scotia (Table 1). The seeds were stratified by
soaking in cold water and then stored moist at 2 °C in the refrigerator
for 5 days.

Table 1. Location of stands sampled in the Province of Nova Scotia.

Stand No. Location Latitude Longitude Elevation
° N W m

1 Garden of Eden 45°22' 62°15' 152

2 Chignecto Game 45°34' 64°26' 107
Sanctuary

3 Stanley 45°07' 63°53' 30

4 Scotsburn 45°44' 62°53' 15

5 Georgefi el d 45°13' 63°35' 107

Greenhouse Procedure

On 10 January 1983, 3 seeds were directly sown into 330 cm 3

styroblocks filled with a 2:1 peat-vermiculite mixture. The experi ment
was located in a greenhouse at the University. A factorial design with
3 replicates x 3 nitrogen levels x 20 families was used. After thinning
28 days later to 1 tree per container, there were 5 trees per plot. The
photoperiod was held at 18h. and the temperature at a mean of 22 ° C.
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Three nitrogen levels (12.5, 50 and 200 ppm) were maintained for
a period of 14 weeks. Initially macronutrient solutions for each nitro-
gen treatment were made of 100 x strength as well as separate micronu-
trient solutions. Basal nutrient solutions (Table 2) were freshly pre-
pared from these concentrated stock solutions weekly and applied to the
seedlings. Sufficient quantities were applied to thoroughly wet the
growing medium so that surplus solution drained at the bottom and accum-
ulation of nutrients was avoided.

Measurements

Seedling heights were measured at 2-week intervals starting the
6th week after sowing. At the age of 20 weeks the seedlings were har-
vested. Total heights and root collar diameters were recorded and the
seedlings divided into roots and shoots. After oven-drying to constant
weight at 70 °C, they were weighed to the nearest mg. The roots of the 5
trees in a family plot were pooled, as were the shoots, and then ground
in a Wiley mill and passed through a 20-mesh screen. Tissue nitrogen
concentrations expressed as N% of dry weight were determined by means of
the Kjeldahl method using the automated Büchi system. Tissue N% of dry
weight and tissue dry weight were used to calculate tissue N accumula-
tions.

Two methods were used here to determine differences in N utiliza-
tion efficiency (NUE) among the families. In the first, NUE was expres-
sed as mg of dry weight produced per mg of N absorbed following the lead
of some plant breeders (Loneragan and Asher 1967, O'Sullivan et al.
1974, Whiteaker et al. 1976, Makmur et al. 1978, Giordano et 77-1982),
although it has seen criticized by others (Siddiqi and Glass T -P1). The
second method is simply based on dry-matter production and this has been
considered more applicable since in most circumstances (particularly in
forestry) high nutrient concentrations are the exception rather than the
rule. Thus the method is said to be more reliable in the discovery
of genotypes that thrive under less-than-optimum nutrient levels (Fox
1978, Chichester 1981).





For this analysis the fertilizer effect was considered fixed while popu-
lation and family effects were assumed to be random, giving rise to a
mixed model (Steel and Torrie 1980). The format of the analysis of vari-
ance is shown in Table 3. Narrow-sense heritability was estimated as
follows. It was assumed that members of individual families were half-
sibs. Individual tree heritability then is

Genetic and phenotypic correlations between growth characteristics

and total plant N concentration and accumulation were estimated (Becker
1975).

RESULTS

General Responses

A summary of treatment effects (Table 4) shows that at higher
levels of N, the concentration of this element and its accumulation in-
creased, but the utilization efficiency shows the opposite trend.

Correlations between several of the characters including seed
weight (Table 5) were significant for concentration and utilization
efficiency (negatively correlated), accumulation and dry weight, and dry
weight and utilization efficiency.
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Table 4. Mean effects of nitrogen treatments on different characters.

N level 
Characteristics 12.5 50 200

N concentration in tops (%) 0.707 1.258 2.048

N concentration in roots (%) 0.854 1.224 2.137

N concentration in total plant (%) 0.780 1.241 2.092

N accumulation in tops (mg) 4.470 25.000 47.610

N accumulation in roots (mg) 2.687 6.310 8.907

N accumulation in total plant (mg) 7.157 31.310 56.517

Total plant N utilization efficiency 133 81 48

Total plant dry weight (g) 0.953 2.511 2.742

Table 5. Correlation coefficients of several characters based on means
over all treatments

1
/.

X1 X2 X3 X4 X5

X1 Seed weight 1.00 -0.00 0.30 0.31 0.30

X2 Total plant N concentration 1.00 0.02 -0.28 -0.64**

X3 Total plant N accumulation 1.00 0.87** 0.11

X4 Total plant dry weight 1.00 0.51**

X5 N utilization efficiency 1.00

1
/Significance level: **, 1% (18 d.f.)
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Analysis of Variance

The analysis of variance (Table 6) indicates significant fertil-
izer effects for concentration, accumulation, dry weight and utilization
efficiency. Populations exerted no significant influence and this is
not surprising since the stands sampled were not separated by large
distances. However, there were significant differences among families
for all four characters, and the family x fertilizer interaction was
also significant for accumulation and dry weight. This interaction
signifies that the ranking of families at different N levels changed.

If one examines individual families for nutrient utilization
efficiency, it is apparent that they may be segregated into four groups
according to a method described by Fox (1978) and illustrated by Figures
1 and 2. The responses of the families in the upper right hand quadrant
indicate high efficiency in both nutrient uptake and dry-matter produc-
tion, while those in the lower right hand quadrant are less efficient.
That the groups for uptake and production consist largely of the same
families is also shown by the significant correlation coefficient
between accumulation and dry weight (Table 5). The remaining two quad-
rants contain groups that either performed well only at low nutrient
level (families 1 and 20) or poorly at both high and low levels.

Table 6. Mean squares and significance levels (*, 5%; **, 1%).

Source 	T
of Variation N N N Dry

concentration accumulation utilization weight
efficiency 

Fertilizers (A) 26.5837** 36546.10** 109277.50** 56.825**

Populations (P) 0.0017 10.86 24.81 0.036

Families i.P. (F) 0.0076** 32.32** 63.77* 0.103**

A x P 0.0032 15.48 34.18 0.058

A x F 0.0048 27.97** 36.81 0.082**

Error 0.0034 11.24 35.30 0.049

Variance Components and Heritability 

The variance components and heritabilities are given in Table 7.
Although the error variance components contributed from 59 to 90% of
total variance, the family components are also substantial and range
from 8.2 to 12.2%. As a result, the individual-tree heritabilities for
N concentration, accumulation and utilization efficiency are 0.43, 0.49,
and 0.32, respectively.
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Genetic and Phenotypic Correlations 

There were low negative genetic and phenotypic correlations be-
tween growth characteristics (except for shoot/root ratio) and total
plant concentration (Table 8). Thus selecting for total N concentration
would result in nonsignificant response in growth characteristics. In
contrast there were positive genetic and phenotypic correlations between
growth characteristics (except for shoot/root ratio) and total N accumu-
lation; indicating that the selection will simultaneously improve both
traits.

Table 8. Genetic (upper) and phenotypic (lower) correlation coefficients
between growth ch aracteristics and total plant N accumulation
and concentration

Trait Height Diameter Total Plant Shoot/
Dry Weight Root

Total plant N
accumulation 0.345 0.430 1.001 -0.606

0.428** 0.516** 0.890** -0.355**

Total plant N
concentration -0.395 -0.002 -0.304 0.457

-0.104 -0.133 -0.200* 0.052

1
/ Significance level: *, 5 %; **, 1 %.

DISCUSSION AND CONCLUSIONS

The results of this experiment demonstrate that tamarack respond-
ed strongly to the nitrogen treatments. N concentration and accumula-
tion increased with higher treatment levels but utilization efficiency
dropped (Table 4). Total dry weight production was correlated with
these variables but seed weight was not, indicating that the treatments
overruled any initial differences of size due to seed weights (Table
5).

The most important result was that the responses of individual
families differed significantly for every measured variable and that a
significant family x treatment interaction existed for N accumulation
and dry weight (Table 6). Because the family component was substantial,
and half-sib families have a certain genetic relationship, there were
sizable heritabilities for N concentration, accumulation and utiliza-
tion efficiency. The standard errors for family variances and herita-
bilities were much smaller than the estimates themselves, therefore the
estimates are relatively reliable.
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The interactions revealed that the responses of individual famil-
ies to different N levels were not simple or uniform. There are "effic-
ient responders" (Lyness 1936), namely those that grew well at both high
and low N levels (upper right hand quadrant, Figs. 1 and 2), and "effic-
ient non-responders", i.e. those that grew well only at low levels
(upper left quadrant). The third category is made up of those that per-
formed poorly at both high and low levels (lower left quadrant), or only
at a high level (lower right hand). Thus the possibility of selection
of different groups exists.

Although these results are encouraging, they were conditioned by
the environments in which the plants were grown. These environments
were very different from those in which selection would be carried out
and realistic genetic parameters estimated (Dudley and Moll 1969).
However, abundant evidence from field experiments of other species would
seem to suggest that considerable variation in nutrient utilization also
exists when forest trees are tested in field environments (Zobel and
Roberds 1970, Roberds et al. 1976). Such experiments are needed for
tamarack to verify this point.
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