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Abstract 

There are several million hectares of marginal agricultural lands available for 
afforestation in Canada. A fully implemented afforestation program could sequester as 
much as 28.6 megatons (Mt) of carbon per year (C/y) in above ground biomass alone. 
Opportunities for carbon storage or, ultimately, feedstock for biofuel production, are likely 
to be greatest in intensively managed stands of rapidly growing tree species. To achieve 
high rates of C sequestration, climate and soil conditions in our northern temperate and 
boreal regions favor poplar and willow. Hybrid poplars, in particular, can reach very high 
rates of growth. Unfortunately, most available hybrids are adapted to relatively mild 
climates. Our native forests, however, support four of the five native North American 
poplar species. Prospects for developing stress-resistant, cold-climate adapted, fast-
growing hybrids or intra-species crosses are thus very good. Appropriate selections could 
greatly increase the potential area that can be successfully planted to poplar. Associated 
with afforestation using poplar will be a reduced reliance on old-growth and ancient 
natural forests (and the carbon already banked there) to supply wood fiber for 
conventional uses. Our aim is to contribute to a national afforestation effort through the 
development of rapid, cost-effective analyses to identify native poplar genotypes for 
purposes of carbon sequestration and/or biofuel production. We are investigating plant 
hormone profiles, carbon isotopic composition, photosynthesis, frost hardiness, and several 
other physiological parameters in native clones and populations of poplar and cottonwood 
to form a basis for selecting stock and developing breeding strategies. Experimental 
crosses will be field tested and successful genotypes entered into field progeny trials. 

Introduction 

By the early 1990's it was recognized that atmospheric CO2 concentrations are likely 
to only just double if global emissions can be kept near 1990 levels. This best-case 
scenario became the target of the 1997 Kyoto protocol, but it still entails the likelihood of 
substantial climate change. All extant global circulation models predict that a doubling 
of atmospheric CO2 will lead to a rise in mean temperatures of at least a few degrees 
Celsius (°C), and perhaps more over high latitude inland continental areas such as 
Canada. Although a few degrees may seem trivial, it is worth noting that the northern 
(tundra) and southern (grassland) boundaries of the boreal forest are separated by a 
difference in July mean maximum temperature of only 5°C [3]. A mere doubling of 
atmospheric CO2, the international target, could therefore displace the entire boreal 
forest, Canada's largest and most economically important forest region. 
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For the year 1990, Canadian CO2 emissions were estimated to be 162.5 megatonnes (Mt) 
of carbon (C). Canada's Kyoto commitment was to reduce this amount by 6% (9.75 Mt) 
to 152.8 Mt C by 2012. Canadian emissions were estimated to be 182.4 Mt C in 1996, 
already almost 30 Mt over the target level [11]. Business-as-usual projections predict 
emissions will reach 225 to 230 Mt C by 2020 (McIlveen 1998, cited in [12]). We 
clearly must urgently adopt a number of strategies to reduce net emissions. These 
strategies may entail, for example, increased efficiency of energy use, reduced reliance 
on fossil fuels through the development of alternative energy sources (wind, solar, 
biofuel, etc.), and enhanced uptake (sequestration) of released CO2. 

Carbon Sequestration Through Afforestation 

There is considerable potential to temporarily increase carbon sequestration through 
afforestation and if those new forests are renewed through reforestation, the sequestration 
becomes "permanent". Nagle [15] estimated that approximately 7.3 million ha of 
marginal agricultural lands are available for afforestation in Canada. A fully 
implemented afforestation program could sequester as much as 28.6 Mt C per year in 
above-ground biomass, depending on species and area planted [9]. Even if only one 
million hectares (ha) were planted, something on the order of 3.9 Mt C/y could be 
sequestered and this is 40% of Canada's original Kyoto reduction commitment. These 
estimates assume a weighted mean annual stem wood volume increment of 14.6 m3/ha/y 
over a 13 year weighted mean period and are in close agreement with a more detailed 
independent assessment by Chen et al. [4]. 

There is also a further increment in carbon sequestration from below-ground biomass 
(about 20-25%). Forest soils store large amounts of carbon and are more persistent sinks 
than the aboveground component [28]. Thus, afforestation (and continued reforestation) 
of degraded agricultural soils can improve Canada's net carbon budget irrespective of the 
ultimate fate of the aerial biomass. 

Opportunities for carbon storage or, ultimately, feedstock for biofuel production are 
likely to be greatest in intensively managed stands of rapidly growing tree species. For 
these purposes, climate and soil conditions in temperate and boreal regions of the 
Northern Hemisphere favour poplar and willow [31]. Hybrid poplars, in particular, can 
achieve very high rates of growth; e.g., up to 54.9 t/ha over 3 years for above ground 
woody biomass in high-density, short rotation plantations in Washington state [5]. 
Assuming an oven-dry biomass to C conversion factor for hardwoods of 0.49 [19], the 
equivalent rate of carbon sequestration is 8.9 t/ha/y. Unfortunately, most of the available 
hybrid poplar genotypes are derived from species or populations adapted to relatively 
mild climates. While some of these "mild climate" clones are suitable to southern 
Ontario and southwestern British Columbia, these regions contain only a fraction of the 
land available for afforestation in Canada, 80% of which is located in the prairie 
provinces [15]. There is, however, within our native forests, a tremendous untapped 
genetic resource, pre-adapted to the Canadian climate. 
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genetic resource, pre-adapted to the Canadian climate. 



Ignoring aspens, Canada supports four of five North American poplar species. Prospects 
for developing stress-resistant, cold-climate adapted, fast-growing hybrids or intra-
species crosses are very high. For example, Populus balsamzfera is found in every 
province, from the US border to Inuvik, while P. trichocarpa occurs throughout interior 
British Columbia and western Alberta to about 57°N latitude, and into the southwest 
Yukon [7]. All four Canadian species overlap in the southwest of Alberta, creating a 
globally unique hybridization zone. Thus, appropriate selections could greatly increase 
the potential land area that can be successfully planted to poplar. Associated with this, at 
stand maturity, will be a reduced reliance on ancient natural forests (and on carbon 
already banked there) to supply wood fibre for conventional uses. Indeed, van Kooten et 
al. [12] identified carbon storage in wood products as being essential to the economics of 
a national afforestation effort. Thus, the more carbon that can be directed to the bole 
(main stem) wood needed for "Kyoto-acceptable" products, the better. 

Even a 10% increment in any of (i) growth rate, (ii) area planted, or (iii) the enhanced 
movement of photosynthetically fixed C from leaves into wood of the main bole, will 
yield tremendous value. For example, if carbon credits were to be sold at $50/t of C, a 
10% increase in growth rate on a land base of 1 million ha would be worth $19.5 
million/y from the increase in above-ground biomass alone. 
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Fig. 1. Structures of key gibberellins and auxin 
(IAA, or indole-3-acetic acid). 

The Poplar Ideotype 

The ideal genotype (ideotype) for a 
Canadian afforestation program would 
combine high growth and yield with 
superior stress resistance and other 
desirable features (e.g. wood quality). 
Genotypes developed and planted today 
should also be able to take advantage of 
the high CO2 world of tomorrow. 

Stem growth and development of trees is 
regulated by plant hormones [14]. Their 
perception by the plant at or near the 
subapical and vascular cambium meristems 
controls stem height and diameter growth 
[14]. The most critical limiting hormones 
appear to be the gibberellins (GAs) and 
auxin (see Figure 1), but the other hormone 
classes are also involved, i.e., cytokinins, 
ethylene, abscisic acid, etc. Gibberellins 
have been implicated as a major 
controlling influence in hybrid vigour 
(heterosis) of poplar and other plants [23, 
24]. Furthermore, inherently slow-
growing tree genotypes/families respond 
disproportionately more to applied GAs (in 
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terms of growth enhancement) than do inherently rapid-growing genotypes [see 18]. In a 
number of transgenic aspen lines, over expression of the GA20-oxidase gene resulted in 
enhanced height growth and (especially) enhanced bole wood growth [6]. Even xylem 
fibre length was increased [6, cf 22]. Applied GAs can also modify crown form, 
promoting bole wood growth over branch wood growth [17]. 

A hypothetical example of the ideotype for crown form in an afforested crop tree is 
shown on the far right in Figure 2. Trees exhibiting these attributes have a high 
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Fig. 2. Hypothetical biomass accumulation in different stem/crown form phenotypes of 
afforested plantation trees. Biomass in stem wood, stem bark, branch wood (including bark), 
leaves and stump plus thick roots is shown diagramatically. Key phenotype comparisons are 
"wild types" vs "crop forest ideotypes". THI = Total Harvest Index: the share of valuable stem 
wood as a proportion of the total above and belowground biomass. The narrow crowns of crop 
forest ideotypes permit a higher number of stems per hectare and a "deeper" layer where 
photoassimilation remains active, resulting in an enhanced THI. Adapted from the 1985 Annual 
Report of the Foundation for Forest Tree Breeding in Finland, p. 125. 

proportion of stem wood relative to branch wood (i.e., a high Harvest Index). They also 
permit higher stand densities (more stems per hectare) and reductions in woody debris 
from branches that would be destined for premature litter decomposition during the 
rotation cycle. Several studies for conifers [27, 30] and one study for poplars [29] show 
that Harvest Index is a strongly inherited trait. 

The main problem with conventional high-yielding poplar hybrids is inadequate 
adaptation to the length and severity of the Canadian winter. The degree of cold 
hardiness, and thus the risk of cold injury, in temperate and boreal tree species is largely a 
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function of the timing of the annual developmental cycle rather than the maximum level 
of cold hardiness attained. The challenge for breeding is to maintain the synchronization 
of growth and dormancy across a range of planting site, while increasing carbon fixation. 
In principle, greater biomass accretion may result from either a higher intrinsic growth 
rate (i.e., over a fixed season) or from a longer period of growth (i.e., an average growth 
rate, but one that is extended over a longer season). 

Negative genetic correlations frequently exist between total growth and cold hardiness 
across populations for temperate and boreal conifers, and the same is likely true for 
hardwoods [1]. These unfavorable relationships often result when one uses populations 
with higher inherent growth potential, likely because the populations originate from, and 
are adapted to, longer growing seasons. Similar relationships may or may not be found 
within populations, depending on whether correlations are a function of pleiotropy or 
linkage disequilibrium. Thus, selection on growth alone may increase the risk of cold 
injury. However, if genotypes are selected for maximum growth rate rather than total 
growth, genotypes can be found that complete more growth within the period of low frost 
risk, rather than completing more growth at the risk of increased cold injury [20]. Hence, 
profiling hormones at the time of maximum growth rate may be informative in 
identifying clones with the most rapid growth during the frost-free months, as opposed 
clones that merely have a longer period of fast growth. 

Another problem with conventional hybrids demand large quantities of water and 
nitrogen, severely limiting deployment on the prairies. When levels of these resources 
vary in the environment, plant water-use efficiency (WUE) and nitrogen-use efficiency 
(NUE) trade-off such that an increase in one incurs a decrease in the other [16]. 
However, such a trade-off is not necessarily associated with genetic variation. Thus, 
among populations of lodgepole pine (Smets et al., in prep), NUE and stable carbon 
isotope ratio (813C; an excellent proxy for WUE) correlate negatively when nitrogen 
islimiting and positively when it is sufficient. We think that the N-limiting situation may 
reflect inherent or environmental differences in ability to acquire nitrogen, whereas the 
positive correlation under N-sufficiency appears to reflect inherent variation in growth 
rate. We have thus found for several conifer tree species that genetic variation in 8'3C is 
consistently correlated not only with WUE, but also with growth potential (e.g. Figure 3), 
i.e. inherent growth rate under "reasonable" environmental conditions [10, 25, 26]. 

Preliminary results (data not shown) show a similar relationship for two woody 
angiosperms, Sitka alder and an intra-specific cross of P. deltoides. Higher WUE in 
combination with superior growth means increased photosynthesis, not reduced 
transpiration, and this has been confirmed through gas exchange analysis. Such a 
relationship should be expected wherever the rate of utilization of photosynthate (i.e. 
strength of the final "sink" for carbon) controls photosynthesis. Hence, we believe that 
there is a significant potential to use 813C values to simultaneously select for enhanced 
growth as well as NUE and WUE. Finally, we should note that for Pinus seedlings, both 
growth and WUE can be promoted by a soil application of the gibberellin A4  mixture 
(Table 1). 
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Table 1. Effect of soil drenching with a mixture of gibberellins A4 and A7 on mean height and stem dry 
weight (DW) increments, relative to controls, and 813C of six greenhouse-grown lodgepole pine half-sib 
families. Isotope analysis was performed on terminal buds after primary growth cessation. Both standard 
deviation (±sD) and standard error (±sE) are shown. Higher (less negative) 6'3C following treatment with 
GA4n indicates higher water-use efficiency commensurate with enhanced height and stem DW growth. 
Mean 813C values for control and +GA4n treated families differ significantly at p=0.002 (paired t-test). 

% Height % Stem 
increment DW 
induced by increment 

GA4n induced by 
GA4n 

Control 
.513C 

(Too) 

+GA4n .513C 

(%.9) 

A 613C 
(control -

GA4n) 

Mean (n=6) +26.7 +73.3 -28.02 -27.32 0.71 

±SD 12.6 26.0 0.39 0.50 0.28 

±SE 5.2 10.6 0.16 0.20 0.12 

In summary, the poplar ideotype should: 

a. have a fast growth rate, within the limitations imposed by the regional 
environment. 

b. be adapted to short summers and the risk of growing-season frost. 

c. be winter hardy to temperatures as low as -50°C. 

d. be drought resistant, especially for prairie/parkland afforestation. 

e. be insect and disease resistant. 

f. have an optimum form (large bole, fine branches) for maximizing carbon storage 
in the bole wood during the life of the tree. 

g. have high WUE and high NUE. 

h. be highly growth responsive to increasing atmospheric CO2. 
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h. be highly growth responsive to increasing atmospheric CO2. 

There is a need for several separate lines having most, if not all, of the traits identified 
above. The evidence in hand indicates that one should be able to identify phenotypic 



markers for these properties, and ultimately select and/or develop novel, stress resistant 
lines of poplar appropriate to the target regions of Canada. The probability of success in 
terms of locating promising material in the natural gene pool, and generating new hybrids 
through crossing, is very high (poplars are relatively easy to breed). 

Clone Deployment and Biodiversity 

Short-rotation, fast-growing hardwoods such as hybrid poplars are typically grown in 
single-species, even-aged plantations. It is difficult to grow these trees in multi-species 
mixtures as the early, rapid rate of growth of the poplars will shade out slower-growing 
species such as white spruce. Large-scale industrial plantations or fibre farms, such as 
those on private lands in Washington and Oregon, are planted as mosaics of monoclonal 
blocks. This increases product uniformity and simplifies deployment and harvest 
compared to intimate mixtures of clones. However, clonal blocks may be unacceptable 
for some areas in Canada due to a lack of structural or visual diversity. Smaller clonal 
blocks or clonal mixtures may thus be desirable if C sequestration plantations have 
multiple additional objectives. Numbers of clones deployed, whether in blocks or 
intimate mixtures, is related in a non-linear fashion to both risk and genetic gain and will 
require careful consideration [13]. 

Objectives 

Our long-term objective is to develop rapid, and cost-effective phenotypic analyses 
that can be used in practice to identify suitable poplar genotypes (or characteristics to 
combine into genotypes) from existing clonal material and from new clones derived from 
controlled crosses. Our short-term objectives for native clones/populations of P. 
trichocarpa and P. balsamifera are to: 

1. characterise patterns in growth potential, photosynthetic capacity (including sink 
strength of the bole), water and nitrogen-use efficiencies and frost hardiness. 

2. characterise changes in patterns and levels of phytohormones that are responsible 
for stem biomass accumulation thereby forming a basis for selecting stock and 
developing breeding strategies. 

3. perform experimental crosses to test our hypotheses, with subsequent entry of the 
progeny into field trials. 

4. examine genetic correlations between above-ground biomass (especially bole 
wood) and total plant C sequestration, and delineate tradeoffs between carbon 
fixation and stress resistance in different environments. 

Recent Progress 

Within the last eight months we have: 

1. begun validating and improving methods for phytohormone analysis of main bole 
and branch cambial region tissues from inherently fast- and slow-growing clones 
(genotypes) of poplar, 
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2. initiated the process of correlating endogenous hormone levels with inherent 
growth capacity, 

3. assessed 513C values of wood from these same stems, and 

4. assessed the growth period, photosynthetic rates, frost hardiness and 813C in a 
limited selection of available native P. trichocarpa clones. 

Significant progress has been made on all fronts. 

In collaboration with the Poplar Afforestation Program at HortResearch, in New Zealand, 
we harvested cambial region tissues from actively growing trees in a field progeny trial in 
Palmerston North. Concentrations of several GAs, ABA and IAA were determined by 
Gas Chromatography-Mass Spectrometry-Selected Ion Monitoring (GC-MS-SIM) using 
isotope dilution techniques of stable isotope-labeled hormones. These results were 
obtained "retrospectively" in a blind fashion (Table 2) and confirm earlier bioassay 
results using P. deltoides interspecific hybrids (Table 3 and [23]). We have also made a 
preliminary assessment of endogenous GAs in cambial region tissues of two poplar 
hybrids, one slow- and one fast-growing, by GC-MS-SIM and the fast-growing hybrid 
showed elevated GAs (Table 2). Recently, Eriksson et al. [6] examined transgenic lines 
of hybrid aspen where a GA biosynthetic enzyme (GA 20 oxidase) was being over 
expressed. The transgenic lines were overproducing "growth-effector" GAs from C20 

GAs earlier in the GA biosynthetic pathway (Table 4), yielding a concomitant reduction 
in endogenous C20 GAs. Interestingly, in the fast-growing genotype that we examined 
(Table 2), there are large amounts of both C20 GAs (precursors in the GA biosynthetic 
pathway) and the growth-effector GA, GA1 (see Figure 1). These three examples thus 

Table 2. Levels of endogenous gibberellins (GA), abscisic acid (ABA) and indole-3-acetic acid 
(IAA) from cambial region tissue scrapings (35 to 90 mg dw) of 7-yr-old Populus deltoides x P. 
ciliata (G5) and P. deltoides x P. szechuanica (E6) genotypes. These are preliminary 
assessments of trees grown in a field progeny trial at Palmerston North, NZ by the HortResearch 
Crown Research Institute. Samples were taken 5 weeks after leaves had reached full size. 
Hormone quantification was based upon the dilution of stable isotope internal standards of [2H2] 
GAs (8-10 ng), [2H6]-ABA (100 ng) and [13C6] IAA (100 ng) by the endogenous, unlabelled 
hormone using GC-MS-SIM. 

GS (fast-grower) 

ng/g DW pg/cm2 

scraped tissue scraped area 

E6 (slow-grower) 

ng/g DW pg/cm2
scraped tissue scraped area 

GA1 22.6 17.0 Trace Trace 

GA15 36.6 27.6 16.1 4.57 

GA19 90.6 68.2 60.7 17.22 

GA44 24.1 18.1 19.3 5.47 

ABA 278 209 774 220 

IAA 27,000 20,321 64,000 18,157 

Trace = less than 0.1 ng present in tissue sample 
Note: Based on the presence of GA19 and GA44 these tissues are presumed to possess the early 
13-hydroxylation pathway of gibberellin biosynthesis. Similarly, the presence of GA15 implies 
that the early non-hydroxylation pathway is also present. 
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Table 3. Levels of gibberellin (GA)-like substances in cambial region scrapings from stem 
internodes of poplar as determined by the single gene dwarf-rice, cv Tan-ginbozu bioassay. 
Adapted from Rood & Pharis [23]. 

Clone GA-like activity 
(g GA3 equiv / g DW tissue) 

Populus deltoides 

P. deltoides x P. nigra 
(rapid growing interspecific hybrids) 

D36 

D56 

DN 138b

DN 103 

DN 128 

DN 160 

0.47 ± 0.23' 

0.61 ± 0.27 

0.79 ± 0.34 

1.23 ± 0.55 
2.32 ± 0.42 

5.66 ± 1.89 

a Mean ±SE. Values presented are total of gibberellin-like bioactivity of all chromatographic 
regions combined. 
b D36 was a parent of DN 103 and DN 160, while D56 was a parent of the other hybrids 

provide good evidence that inherently fast-growth in poplar and aspen species, at least, is 
causally correlated with elevated GA levels and/or biosynthetic turnover. 

We have begun a phenotypic assessment of native P. trichocarpa genotypes from a BC 
Ministry of Forests (BCMoF) collection of some 835 clones. These clones come from all 
over BC, including the central interior and the Cariboo plateau. They are being 
maintained in stool beds at Surrey, Terrace and Cowichan Lake. In spring 2000, 4200 
stems originating from these clones were planted into five blocks in a common garden at 
the Surrey Nursery under the direction of Dr. Cheng Ying (BCMoF). We have chosen a 
subset of 25 clones (14 from interior BC, seven from coastal BC, two from Washington 
State, one from Oregon and one from Alaska) for analysis of isotopic composition, 
photosynthetic rates and frost hardiness development. This research is ongoing. 

Table 4. The influence of GA 20-oxidase expression (AtGA20ox1) in two transgenic lines of 
hybrid aspen (Populus tremula x P. tremuloides), relative to the wild-type hybrid aspen control. 
The multifunctional GA 20-oxidase enzyme catalyzes the stepwise conversion of C20 

gibberellins (GA12/GA53) to C19 gibberellins (GA9\GA20), the latter being the immediate 3-deoxy 
precursors to the growth-effector, 3B-hydroxylated GAs, GA4 and GA1, respectively. Adapted 
from Eriksson et al. [6]. 

Average Stem dry mass Stem GA4 Stem GA1 
internode (g ±SE) levels* levels 

length (ng/g fresh wt) (ng/g fresh wt) 
(cm ±SE)a

Control 2.19 ± 0.05 4.58 ± 0.51 0.84 0.63 

Transgenic Line 2 3.06 ± 0.09 10.42 ± 1.01 9.04 10.2 

Transgenic Line 11 3.07 ± 0.09 10.34 ± 0.49 10.7 14.2 

ainternodes 7 and 8 
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Our Future Approach 

We hope to expand our utilization of the available P. trichocarpa clones to assess 
population level (rather than just clonal) differences in 813C, frost hardiness and other 
phenotypic variables. Ultimately, these data will be subjected to multiple regression or 
canonical correlation analysis against provenance location and climatic variables to 
discern geographic trends [2]. Appropriate climatic models are now becoming more 
widely available [e.g., 21]. Through multi-factor analysis of physiological traits, adaptive 
patterns of variation in terms of specific ecophysiological traits and underlying abiotic 
selective agents can be better elucidated. We will also expand our investigations to 
include collections of P. balsamifera and other material made available to us by an 
industrial collaborator (Alberta Pacific Forest Industries Ltd.). These collections will be 
supplemented by additional material obtained from the wild. Eventually, hybrids of these 
two species will be produced by us and by our non-academic participants. 

The use of "retrospective" tests is a very important tool in our future research. It will 
allow us to examine correlations between growth, 813C and phytohormone profiles using 
established hybrid trials from New Zealand, British Columbia, Alberta, and eventually 
from other regions of Canada. In such retrospective examinations we will identify a 
range of clones differing in crown form (i.e. bole size and relative proportion of branch 
wood) and stem biomass production. These genotypes will be utilised for sampling of 
cambial tissues and adjacent branch and stem wood for analysis of endogenous hormone 
levels and 813C, respectively. 

We envision making substantial progress in breeding programs within 5 years, but will 
need early on to identify and collect promising germplasm from nature and also from 
existing collections to establish baseline populations. Although 2-3 years will be needed 
to bulk material up before genecological testing of new accessions can begin (and likely 
5+ years before first generation hybrids are available), testing of currently available 
clones will begin this coming year for selection as parental lines and for retrospective 
evaluation of early-progeny testing. 

In tree improvement, the ecological conditions to which genotypes are suitably adapted 
have typically been evaluated in long-term field trials. Increasingly, however, genotypes 
are being assessed with young plants in controlled, common garden experiments under a 
variety of treatments. In this way, the genetic variation among populations or clones, the 
factors that result in Genotype x Environment (GxE) interactions and the range of 
conditions across which performance is stable can be quantified fairly rapidly. Large 
raised beds are well suited to such experiments and will be established in at least two 
locations (UBC campus and a second site yet to be identified). Initially, norms of 
response for genotypes of parental species, as well as a standard set of existing "mild 
climate" clones, will be characterised. First generation hybrids will be included as they 
are produced. The raised beds will also be used to examine genetic correlations between 
aboveground biomass and total plant C sequestration, and tradeoffs between carbon 
fixation and stress resistance in different environments. 
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Phytohormone analysis will be accomplished by GC-MS-SIM (see above). Using this 
technique we can determine the proper/optimal time for cambial region tissue sampling; 
e.g., during the log phase of wood growth, etc. Cambial region material (xylem and 
phloem) will be sampled about 7 to 8 weeks into active xylem growth/differentiation. 
Use of the cambial region tissues is likely to be less variable than attempting to "capture" 
elongating internodes of a range of genotypes at a consistent stage of ontogeny. For 513C 
isotopic analysis, leaves, petioles or wood will be stored in liquid N2 until oven drying. 
Analysis can be accomplished on as little as 1 mg of the dried tissue, and these 
subsamples will be analysed for 613C using a model 1106 Elemental Analyser interfaced 
to a Prism triple-collecting ratio mass spectrometer. An advantage of this system is that it 
also yields the N content, which in conjunction with determinations of net photosynthetic 
rate can provide information on nitrogen-use efficiency. 

In summary, we believe that it will be possible to develop both time- and cost-effective 
methodse that will allow for the early identification of inherently fast-growing genotypes 
of poplar and aspen that are also insect, disease and stress resistant. We expect these 
genotypes to originate from inter- and intra-specific crosses and to include individuals 
that exhibit the classic definition of hybrid vigour. 
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