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Introduction

Biomass production in agricultural crops is
directly related to the radiant energy interception by foliage (Monteith, 1981). Linder
(1985) demonstrated that a linear relationship between solar radiation capture and
biomass production also exists for forest
stands. However, variability in canopy
architecture among plant genotypes could
strongly influence the efficiency of conversion of solar energy into biomass production. In this study, we characterized this
relationship between light interception and
biomass growth on 4 very different Populus clones during the establishment year.

Materials and Methods
In

February 1985, a 1 x 1 m plantation was
Puyallup, WA, U.S.A., with
unrooted, 25 cm hardwood cuttings of 4 poplar
clones, including 2 hybrids P. trichocarpa x P.
deltoides (11-11 and 44-136) and a clone of
established in

each of the parental species, P. trichocarpa (112) and P. deltoides (111-5). Growing conditions
were near optimal with periodic fertilization and
irrigation. Monthly biomass and leaf area measurements were collected from whole-tree
harvests of 4-6 trees per clone. Light interception was recorded with a quantum sensor located above the canopy and a quantum line
sensor on the ground, below the canopy,
connected to integrators. The location of the
line sensor was randomly changed every week
among permanent growth plots of the 4 clones.

Results

Light interception of the clones increased
throughout the growing season until a
maximum value of 95% (clone 11-11) was
reached at the end of September 1985
(Fig. 1Highest light interception for the
clone III-5 (P. deltoides) was only 75%, the
lowest value for the study clones; maximum interception for the other 2 clones
was intermediate (85%). At the end of the
season (mid-November), the 2 parental
clones and hybrid 44-136 had already

shed all their leaves; however, light interception was still around 45%, apparently
because of the absorption of radiation by
stem and branches. At that time, hybrid
clone 11-11 still retained part of its foliage
and light absorption was around 75%.
a clone was directly
leaf area (Fig. 2); again
the maximum leaf area
followed by hybrid 442 parental clones, P. trichocarpa (1.2) and P. deltoides (1.0).
Large differences existed among poplar
genotypes in crown structure; in clones
11-11 and 1-12, almost 50% of the total
leaf area consisted of leaves on branches,
whereas in the other 2 clones, 44-136 and
111-5, this proportion was only 15% (Fig. 2).

Light absorption by

related to its total
hybrid 11-11 had
index (LAI) (2.9),
136 (1.5) and the

In contrast to the differences in total LAI,
the 2 hybrid c!lones had quite similar LAI
values for leaves on the main stem.

Ranking of clones for biomass production during the establishment year was
similar to that of light interception and
LAI; the average tree of hybrid clone 1111 produced a total biomass of 1 kg of dry
weight, while only 0.4 kg were produced
S clone 111-5. The linear
1
by P. deltoidt
regression of cumulative biomass on
cumulative intercepted radiation of the 4
clones had an R2
of 0.87, with a conversion efficiency of 0.55 g-MJ1 (Fig. 3). This
parameter showed large variability among
clones with the highest value occurring in
clone 11-11 (0.8 g-MJ) and the lowest in
1
111-5 (0.4 1
MJ’
g
)
.).

Discussion and Conclusion
Total biomass production by P. trichocarpa x P. deltoides hybrid clone 11-11 was
2.5 times that by the parental clone III-5
(P. deltoides), although it should be noted
that the latter is not native to the Pacific
Northwest. The significant relationship
between biomass growth and leaf area or
radiation interception has also been
observed by Zavitkovski et al. (1976) on
Populus and by Linder (1985) on Eucalyptus, although for this latter genus only
indirect estimations of light interception
were used. In the present study, the linear
regression between light interception and

biomass production gave a high R2
value,
although a curvilinear function might be
more appropriate. This indicates that the
efficiency of energy conversion into biomass changes throughout the growing
season and for a given plant material.
Another significant source of variation
in the conversion efficiency is the genotype, even within the same species or the
same genus. The 2 hybrid clones (11-11
and 44-136) used in this experiment
showed the highest conversion efficiencies, compared to the parental clones.
Even though their total leaf area indices at
the end of the growing season were quite

different, their leaf

areas on

the main stem

almost the same; these leaves are
far the most efficient for light conversion into biomass, as shown by lsebrands

were
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by

et al. (1983).
Crown architecture, that is the combination of total leaf area, leaf area distribution
within crowns, leaf and branch morphology and orientation, seems to play a major
role, since it influences not only the interception of solar radiation but also its
conversion into biomass.
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