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Birch (Betula papyrifera) x white spruce (Picea glauca)
interactions in mixedwood stands: implications
for management

CH.D.B. HAWKINS "2, A. DHAR!

Mixedwood Ecology and Management Program, University of Northern British Columbia,
Prince George, Canada

2Yukon College, Yukon Research Centre, Whitehorse, Canada

ABSTRACT: Current British Columbia forest regulations drive the regeneration management towards pure conifer
stands rather than remaining in a mixed-species condition. This approach may result in unnecessary vegetation con-
trol. The main objective of this investigation was to study the impact of variable paper birch densities on white spruce
growth in 15-20 years old stands for management implications. Regression analysis was used to examine the effect of
birch density and two competition indices to predict spruce growth. A mixed model ANOVA showed that spruce mean
annual DBH and basal area increment differed significantly among sites and density. From the regression analysis it
appears that birch density up to 4,000 stems-ha~! had no significant influence on spruce growth which is much higher
than the current BC reforestation guideline (1,000 stems-ha™! broadleaves). Similarly, birch relative density index (RDI)
had to exceed 3 to affect spruce DBH growth significantly on all sites except one. On most sites, spruce had a larger
DBH than birch. Our results also suggest that rather than following the current broadcast approach to vegetation

management, a targeted approach could enhance forest productivity and stand diversity.
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Generally conifer plantations are regularly man-
aged by removing competing broadleaf trees to
increase productivity and meet reforestation re-
quirements in northern temperate forests as mixed
species management was historically associated
with lower stand yields (LEIFFERS et al. 1996; ROTHE,
BINKLEY 2001). Moreover, conifer productivity has
been shown to increase, following complete removal
of broadleaves from the forest (SIMARD et al. 2001).
As a result, intensive broadleaf control has been jus-
tified to enhance conifer productivity (LAVENDER et
al. 1990; WAGNER et al. 2005) but there are increas-
ing concerns about the associated costs to forest
health, timber production and detrimental effects
on biodiversity (SIMARD et al. 2005; KeLTY 2006). It
was shown by different investigations that removal
of broadleaves increased the rate of disease and in-
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sect infestations among residual conifers (TAYLOR et
al. 1994; SIMARD et al. 2001; HAWKINS et al. 2012a)
as well as reduced the habitat quality for cavity nest-
ing birds (AITKEN et al. 2002). In addition, exten-
sive removal of broadleaf species has the potential
to reduce the diversity of stand types in semi-natural
landscapes, where the landscape should include a
mosaic of managed pure conifer and mixed conifer-
broadleaf plantations (LAUTENSCHLAGER 2000). Si-
MARD et al. (2005), PAQUETTE and MESSIER (2011)
and HAWKINS et al. (2012a) suggested that yields
may be greater in mixed species stands than in
pure stands while FRivoLp and FRaNK (2002) and
FAHLVIK et al. (2005) reported that the effect of tree
mixture on yield is unclear.

There are two mechanisms by which mixed spe-
cies stands could have greater productivity than
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single species (monoculture) stands: facilitation
and complementary resource use (KeELTY 2006).
Facilitative interactions occur when one species
directly benefits from another: e.g. N fixing tree
species [Alnus rubra Bong. and Pseudotsuga men-
ziesii (Mirb.) Franco] (BINKLEY 2003). Species
that differ in shade tolerance, height growth rates,
crown structure, phenology and rooting depth are
described as having complementary resource use
(HAGGAR, EWELL 1997) or competitive production
(VANDERMEER 1989). Species with complementary
characteristics have lower rates of interspecific
competition than rates of intraspecific competition
(HAGGAR, EWELL 1997; KELTY 2006). Picea—Betu-
la mixtures common to Scandinavia are a good
example of managing mixed species with comple-
mentary growth characteristics (BERGQVIST 1999;
FrivoLD, FRANK 2002).

For stands with complementary growth charac-
teristics, density measures such as stand density
index (SDI) (REINEKE 1933) and relative density in-
dex (RDI) (Curtis 1982) are widely used in forest
research (TORRES-Rojo, MARTINEZ 2000; DUCEY,
Knarp 2010). The relative density index (RDI) is
often used to determine the growth of trees (Du-
CEY, LARSON 2003). Indices based on density and
size relationships provide better prediction about
competition as they are independent of site qual-
ity and stand age (CurTIs 1970; LoNG 1985). How-
ever, competition mechanisms between conifers
and broadleaves are a continuous process and may
change over time due to the alteration of stand
structure and species composition (BURTON 1993;
NEWTON, JOLLIFFE 1998).

The main objective of this investigation was to
increase our level of understanding about the dy-
namic interactions between conifer crop trees

Table 1. Stand and site history of the sample locations

[spruce: Picea glauca (Moench) Voss] and associ-
ated broadleaf competition (paper birch: Betula
papyrifera Marsh) in mixedwood boreal stands of
northern British Columbia. Specific objectives of
the study were: (1) to quantify and compare the ef-
fects of birch competition on spruce performance
across a range of birch densities; and (2) to identify
densities that are deleterious to spruce growth.

MATERIAL AND METHODS
Site description

The study sites are located in the Fort Nel-
son forest district of north-eastern BC between
122°16' to 123°49'W, and 58°19' to 59°26'N (Ta-
ble 1). The biogeoclimatic zone of the study sites is
moist, warm subzone of the boreal white and black
spruce (BWBSmw?2) (DELONG et al. 1991). Soils
are well-poorly drained with a wide range of soil
types Cumulic Regosols, Organic Cryosols and Lu-
vic Gleysols. All 12 months of the year may experi-
ence snow, but the wettest period is between May
and September. Annual precipitation ranges from
330 to 570 mm and about one-third falls as snow.
The mean annual temperature is —1.4°C with ex-
tremes of —51.7 to 36.7°C and an average frost free
period of 106 days (DELONG et al. 1991). The zone
is dominated by extensive mixed broadleaf and
coniferous forests, and mature coniferous forests.
The major tree species in this area are white spruce
[Picea mariana (Mill.) Britton, Sterns and Poggen-
burg], lodgepole pine [Pinus contorta (Douglas)],
subalpine fir [Abies lasiocarpa (Hooker) Nuttall],
paper birch and balsam poplar [Populus balsami-
fera L.]

Site Latitude Longitude Herbicide Year of plot ~ Stand age at plot Plot SIBEC  Total
(N) (W) application  establishment  establishment* re-measured (SI,))** plot No.

Raspberry 59°26' 123728’ 1991 2004 15 2007 199 129
Creek 11

Beaver Lake 59°02' 123°19' 1991 2004 15 2007 15.0 84
Raspberry 58°28'  123°49' 1991 2004 15 2009 19.9 77
Creek 12

Klua Creek 58°37' 122°43' 1996 2005 11 2009 12.0 60
Profit River 58°19' 122°16' 1993 2007 16 2009 15.0 72
Luyben 59°07' 123°24' 1995 2005 12 2008 15.0 76

*stand age at establishment which was at the end (October—March) of the year indicated, **site index estimates by site series

(Ministry of Forests, Lands and Natural Resource Operations 2011)
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Sampling design

The stands used in this study have at least five
hectares planted with spruce, as well as a signifi-
cant number of paper birches where white spruce
was the target crop species (Table 1). In total six
stands were measured: three stands in 2004 (Rasp-
berry Creek 11, Raspberry Creek 12, and Beaver
Lake), two stands in 2005 (Luyben and Klua Creek)
and one stand in 2007 (Profit River). Detail stand
establishment height and size distribution is also
presented in Table 2. All stands were subjected to
an aerial application of the herbicide glyphosate
(6 1'ha™?, Vision — contains about 35.6% glyphosate)
approximately two years post planting, as a means
of early vegetation control.

Single tree temporary sample plots (TSP) were
established using the nearest individual method de-
scribed in KENT and COkER (1992). A systematic
GPS grid point was established for each stand in
a 100-m interval. Plot location was determined by
proceeding along a bearing for a fixed distance to
the GPS grid point: if in a mixedwood area, a ran-
dom bearing was taken from this point and the first
spruce encountered was deemed the target tree and
TSP centre of a 1.78 m radius (10 m?) plot. Selection
of a target tree was repeated up to three times at a
grid point: bearings were at 90° to each other. Target
trees were selected according to predetermined cri-
teria which required them to be free of defects and
be taller than 1.3 m. Defects may have been induced
by pathogens or insects and the reduced growth po-
tential would not be due to interspecific competition
(stand density). The target crop tree (spruce) and
all birches taller than 1.3 m were measured in each
plot (10 m?). In total, 9 different birch density classes
(1,000; 2,000; 3,000; 4,000; 5,000; 6,000; 7,000 and
> 8,000 stems-ha™!) including a control (no birch)
were used to examine the impact of birch on spruce
growth. Total height, height to live crown, crown

Table 2. Stand DBH distribution of different locations

width, DBH, and age (whorl counts for young trees
and tree cores for older ones) for spruce were re-
corded whereas for birch only height and DBH were
recorded. In total 498 TSP were installed across the
six stands for continuous monitoring. All six stands
were re-measured at least once (Table 1). All mea-
surements were conducted at the end of growing
season between October and March and each site
was re-measured at 2 to 4 year intervals (Table 1).

Stand competition indices

In addition to determining the plot density
(stems-ha™!), relative density index (RDI) (Cur-
Tis 1982) and stand density index (SDI) (REINEKE
1933; LoNG 1985) were calculated at the time of
plot establishment and with each re-measurement.
Only birch density was used to calculate the SDI
and RDI. The following formula was used to calcu-
late the birch relative density index (RDI):

rRDI=—24__ (1)
(QMD)OS

where:

BA  —basal area (m*>ha!),

QMD - quadratic mean diameter (cm),

0.5 - asingle slope coefficient from CurTIs (1982).

There was a strong positive correlation be-
tween SDI and RDI when all sites were combined
(r* =0.9900, F = 48096.817, P < 0.001, n = 486). As
a result, only RDI was used to describe the birch
spruce interaction in this paper.

Statistical analyses

All analyses were conducted using the statistical
package SYSTAT version 12°. Mixed model ANOVA

Spruce Birch

Site DBH (cm) height (m) DBH (cm) height (m)

min  mean max min  mean max min  mean max min  mean max
Raspberry Creek 11 2.7 9.04 14.2 3.62 6.9 9.0 220 4.01 9.40 4.6 6.5 8.4
Beaver Lake 3.4 7.60 13.3 4.00 5.3 7.9 1.98 3.72 7.40 3.0 5.0 6.6
Raspberry Creek 12 3.4 9.03 14.8 3.30 6.5 9.5 1.73 4.40 8.90 4.4 6.5 8.8
Klua Creek 0.8 2.72 5.2 1.70 2.7 4.0 1.13 2.98 7.20 1.9 3.6 5.8
Profit River 3.6 7.61 13.4 3.20 5.4 7.8 1.25 3.63 8.60 2.4 4.4 7.2
Luyben 1.8 5.50 9.3 2.70 4.2 7.3 1.49 3.02 6.13 3.0 4.3 6.8
J.FOR. SCI., 59,2013 (4): 137-149 139



was used to determine the effect of different birch
densities on spruce growth. Plot layout for each site
was modelled as a randomized complete block de-
sign where different sites acted as blocks and each
of the blocks was treated as a random factor in the
ANOVA. Least-squares means were calculated in
the mixed model analysis for each density class (av-
eraged over sites) and for each site (averaged over
density classes). The general tests for normality of
data distribution were also carried out within the
statistical analysis process.

The further analysis was conducted using sim-
ple regression that integrated competition indices
(independent variables) to spruce size (DBH) and
mean annual DBH growth (dependent variables).
We did not use multiple regression because: (a) dif-
ferent studies have revealed that a consistent model
is not applicable to all sites (BRAND 1986; SIMARD
1990), and (b) it also showed limited values in an
earlier study (SIMARD 1990). The impact level of
birch density and RDI were identified when the re-
gression analysis changed from significant to non-
significant in relation to impact on spruce annual
DBH and height increment at each site. The impact
levels were identified using a ceiling function which
described the upper boundary of the data and en-
veloped at least 95% of the observations (BURTON
1993). However, in this investigation only diameter
was considered to describe the impact of broadleaf
on target tree (spruce) growth performance. The
reasons why diameter was considered instead of
height to explain birch-spruce competition are as
follows: it is an easily measurable integrative index
of tree physiological responses to environmental
variation (M1ssoN et al. 2003) and the first energy
sink to be abandoned when growth is challenged
(OLIVER, LARSON 1996). Moreover MITCHELL
(2003) and NEwsoME et al. (2010) reported that
diameter is an excellent response variable for com-
petition studies because interspecific competition
affects diameter growth more than it affects height
growth. In many investigations (DELoNG 1991; Si1-
MARD et al. 2001; NEwSOME et al. 2008) it was re-

ported that diameter responds more quickly than
height to external sources whereas height respons-
es tend not to be expressed until conifers are expe-
riencing extreme stress and low vigour. The most
appropriate functional forms between the response
variables and each competition index were identi-
fied according to SIMARD et al. (2004).

RESULTS
Effect of site and age on spruce growth

From the mixed model ANOVA sites (random
effect) were significant (P < 0.05) at trial establish-
ment for spruce and birch DBH, height, basal area
(Table 3). Spruce mean annual DBH and basal area
increment also differed significantly among sites.
However, density (fixed effect) was significant for
all birch and spruce variables except spruce height
(Table 3). Moreover, when the effect of stand age
on birch spruce competitive interaction was inves-
tigated, spruce mean annual DBH growth showed
a significant (P = 0.003) difference among ages,
younger age stands (15 years in the last re-mea-
surement) having lower mean annual DBH growth
(0.75 cm-yr~!) than 18 years old stands (0.87 cm-yr~?)
and 20 years old stands (0.95 cm-yr1).

Effect of birch density on spruce growth

Birch and spruce DBH decreased slightly with in-
creasing stand density from 1,000 to 5,000 stems-ha~!
(Fig. 1). In most cases, spruce DBH was greater than
birch DBH except for the Klua site, where birch
DBH was larger. Considering establishment height,
spruce was taller than birch at four sites: Raspberry
Creek 11 (RC11), Raspberry Creek 12 (RC12), Bea-
ver and Profit whereas at Luyben site birch height
was marginally taller than spruce height while at
Klua site birch was much taller than spruce (Ta-
ble 4). Regression analysis of spruce DBH at plot es-

Table 3. P-values for ANOVA tests of different birch densities and site effects on spruce and birch attributes. Site is

treated as a random effect

Spruce at establishment

Birch at establishment

Spruce mean annual increment

Factor

height (m) DBH (cm) BA (m?ha™!) height (m) DBH (cm) BA (m*ha™!) DBH (cm) BA (m2ha™!)
Site < 0.001 < 0.001 < 0.001 0.038 < 0.001 0.004 0.005 < 0.001
Density 0.164 < 0.001 0.004 < 0.001 < 0.001 < 0.001 0.011 0.004

DBH - diameter at breast height, BA — basal area, in bold — statistically significant at a = 0.05 according to ANOVA
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Fig. 1. Mean spruce and birch DBH (+ SEM) at plot establishment (first measurement) by birch density (stems-ha™!)
classes at different sites

tablishment was not significantly impacted by birch  ties except 4,000 stems-ha! at RC12 site (Table 5).
density at Beaver and Luyben sites whereas spruce  The Kula, Profit and RC11 sites had different birch
DBH was significantly impacted by all birch densi-  density of 6,000; 5,000 and 4,000 stems-ha!, respec-

Table 4. Mean (+ SEM) spruce and birch establishment (first measurement) height (m) at different density and relative
density index (RDI) classes at the six sites

s Birch density (stems-ha™) Birch RDI class
ite
< 1,000 < 3,000 < 5,000 <1 <3 <4
Rasoberry Croak 11 “PTUCE 6.99 (0.2) 6.99 (0.1) 6.92 (0.1) 6.78 (0.2) 6.85 (0.1) 6.80 (0.1)
aspberry Lreek birch  6.06(0.2)  658(0.1) 648 (0.1) 619(03)  635(0.1)  6.37(0.1)
spruce  5.23(0.1) 5.27 (0.1) 5.25 (0.1) 5.15 (0.1) 5.17 (0.1) 5.27 (0.1)
Beaver Lake .
birch  5.14 (0.3) 4.98 (0.1) 4.91 (0.1) 4.70 (0.2) 4.84(0.1) 4.90 (0.1)
spruce 6.92 (0.2) 6.82 (0.1) 6.79 (0.1) 6.98 (0.2) 6.75 (0.1) 6.73 (0.1)
Raspberry Creek 12 )
birch  6.54 (0.3) 6.59 (0.2) 6.54 (0.2) 6.00 (0.3) 6.36 (0.3) 6.48 (0.2)
. spruce  2.80 (0.1) 2.83 (0.1) 2.84 (0.1) 2.69 (0.1) 2.77 (0.1) 2.78 (0.1)
ua
birch  4.06 (0.2) 3.71(0.2) 3.58 (0.2) 3.18 (0.2) 3.39 (0.1) 3.49 (0.1)
, spruce  5.42 (0.3) 5.45 (0.2) 5.42 (0.2) 5.09 (0.3) 5.15 (0.2) 5.17 (0.2)
Profit River .
birch  5.10 (0.4) 4.86 (0.3) 4.58 (0.2) 3.73 (0.3) 4.25(0.2) 4.22(0.2)
Luvh spruce  4.27 (0.2) 4.27 (0.1) 4.24.(0.1) 4.38(0.2) 4.26 (0.1) 420 (0.1)
uyben
Y birch  4.62 (0.3) 4.53 (0.2) 4.40 (0.1) 4.01(0.2) 4.43 (0.2) 4.38 (0.1)
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Table 5. Regression of establishment spruce DBH (cm) against different density (stems-ha™') classes at the six sites

Site Density class r F P Equation
all 0.0476  7.3454  0.008 DBH = 9.6005 — 0.00018 x stems-ha™!, n = 128
Raspberry Creek 11 < 5,000 0.0554  7.0981 0.009 DBH = 9.9649 — 0.00035 x stems-ha™!, n = 107

< 4,000 0.0271  3.6984  0.0592 DBH = 9.9292 - 0.00032 x stems-ha™!, n = 96

all 0.0000  0.6628 0.418 DBH = 7.7763 — 0.000069 x stems-ha~!, n = 78

Beaver Lake
< 5,000 0.0000 0.9869 0.324 DBH = 7.8822 — 0.000151 x stems-ha™!, n = 68

all 0.2026  19.5431 < 0.001 DBH = 10.0411 - 0.00035 x stems-ha™!, n = 74

< 5,000 0.0759  6.4214 0.014 DBH = 10.1879 - 0.00043 x stems-ha™!, n = 67
Raspberry Creek 12
< 4,000 0.0402  3.5978 0.063 DBH = 10.1697 — 0.00041 x stems-ha™!, n = 63

< 3,000 0.1781 13.3501 < 0.001 DBH = 10.5501 - 0.00095 x stems-ha™!, n = 58

all 0.1231  9.2796 0.003 DBH = 3.0526 — 0.000063 x stems-ha~!, n = 60
< 6,000 0.0000  0.3151 0.577 DBH = 3.0456 — 0.000045 x stems-ha™!, n = 41

Klua Creek

all 0.0757 6.8103 0.011 DBH = 8.9825 — 0.00026 x stems-ha™!, n =72
Profit River
< 5,000 0.0467 3.3538 0.073 DBH = 8.8273 — 0.00037 x stems-ha™!, n = 49

all 0.0000  0.7863 0.378 DBH = 5.7047 — 0.000035 x stems-ha~!, n = 68

Luyben
< 6,000 0.0000  0.0608 0.806 DBH = 5.8230 - 0.000029 x stems-ha™!, n = 49

in bold - significant at a = 0.05 when the regression changes from significant to non-significant

(@) 12 Rasberry Creek 11 () 12 Beaver Lake

S W O O
N T

© 12 Klua Creek

DBH (cm)

<05 1 1.5 2 3 4 <5 al

() 12 Profit River () 12 Luyben
[ spruce
9
6
3
0
<05 1 1.5 2 3 4 <5 all <05 1 15 2 3 4 5 <6 al
RDI class RDI class

Fig. 2. Mean spruce and birch DBH (+ SEM) at plot establishment by birch relative density index (RDI) classes at
different sites
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Table 6. Regression of establishment spruce DBH (cm) against relative density index (RDI) classes at the six sites

Site RDI class r F P Equation
Raspberry all 0.0039 1.468 0.228 DBH =9.2943 — 0.11115 x RDI, n = 128
Creek 11 <5 0.004 1.398 0.240 DBH =9.3691 — 0.10299 x RDI, n = 107
all 0.0000 0.0102 0.9199 DBH = 7.6204 — 0.01561 x RDI, n =78
Beaver Lake <3 0.0444 4.0630 0.0480 DBH = 8.0054 — 0.48827 x RDI, n = 67
<2 0.0000 0.0894 0.7661 DBH = 7.8103 — 0.10870 x RDI, n = 55
all 0.1144 10.5581 0.0018 DBH =9.9249 - 0.35227 x RDI, n =75
Raspberry <5 0.0526 4.8835 0.0304 DBH =9.9907 — 0.39846 x RDI, n =71
Creek 12 <2 0.1167 7.4704 0.0088 DBH =10.422 — 1.23046 x RDI, n = 50
<1 0.1383 6.1366 0.0189 DBH =10.732 — 2.64170 x RDI, n = 33
all 0.0305 2.8555 0.0964 DBH = 2.9201 - 0.09036 x RDI, n = 60
Klua Creek
<6 0.0107 1.5821 0.2140 DBH = 2.9478 — 0.10727 x RDI, n = 55
all 0.02076 2.67467 0.10599 DBH = 6.80375 + 0.23984 x RDI, n = 80
Profit River <4 0.0581 4.0868 0.0487 DBH = 5.59262 + 0.71877 x RDI, n = 51
<3 0.0492 3.1758 0.0821 DBH = 5.49744 + 0.76737 x RDI, n = 43
all 0.0000 0.1089 0.7424 DBH = 5.5948 — 0.01377 x RDI, n = 68
Luyben <8 0.0518 4.0588 0.0488 DBH = 5.9866 — 0.19724 x RDI, n = 57
<6 0.0043 1.2022 0.2786 DBH =5.9789 — 0.18691 x RDI, n = 48

in bold - significant at « = 0.05 when the regression changes from significant to non-significant

tively, which did not significantly affect the spruce sites RC11 and Klua; whereas it was significantly
establishment DBH. This implies that below these impacted by all RDI classes at RC12 site (Table 6).
levels trial establishment DBH had not been affected ~ While at Beaver Profit and Luyben sites, RDI classes
by birch competition (Table 5). Birch RDI did not up to < 3, < 4 and < 6 had no significant effect on
significantly affect spruce establishment DBH at two  spruce establishment DBH (Table 6).

Table 7. Regressions of mean annual spruce DBH (cm) growth against density (stems-ha™!) classes at the six sites

Site Density class r? F P Equation
all 0.1228 10.5185 0.0018 DBH = 1.0303 — 0.000043 x stems-ha~%, n = 69
Eizzﬁirlry < 5,000 0.1043 8.2178 0.0057 DBH = 1.0463 — 0.000054 x stems-ha", 1 = 56
< 4,000 0.03325 2.6852 0.1078 DBH = 1.0478 — 0.000054 x stems-ha", 1 = 50
all 0.0929 6.5302 0.0135 DBH = 1.1307 — 0.000032 x stems-ha"!, # = 55
Beaver Lake
< 5,000 0.0204 1.9594 0.1684 DBH = 1.1395 — 0.000037 x stems-ha"!, 1 = 47
Raspberry all 0.1392 8.2790 0.0062 DBH = 1.0247 — 0.000052 x stems ha!, n = 65
Creek 12 < 4,000 0.0563 3.6232 0.0637 DBH = 1.0265 — 0.000053 x stems-ha"!, # = 45
all 0.3318 23.3473 < 0.0001 DBH = 0.9145 — 0.000024 x stems-ha!, n = 46
Klua Creek < 5,000 0.1078 4.3823 0.0458 DBH = 0.9821 — 0.000050 x stems-ha™!, n = 29
< 4,000 0.0814 3.3029 0.0812 DBH = 0.9901 — 0.000058 x stems-ha~!, 1 = 27
Profit I all 023072 2199476 < 0.0001 DBH = 0.96239 — 0.000063 x stems-ha~!, # = 71
e
rott iver < 5,000 011890 639793  0.21558 DBH = 0.98239 — 0.000072 x stems-ha-1, 1 = 41
Luvben all 0.0789 5.1958 0.0271 DBH = 0.7957 — 0.000013 x stems-ha~L, 7 = 50
u
¥ < 8,000 0.0668 3.7214 0.0614 DBH = 0.8225 — 0.000027 x stems-ha-l, 7 = 39

in bold — significant at a = 0.05 when the regression changes from significant to non-significant
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Fig. 3. Mean spruce annual DBH increment by birch density (stems-ha™!) classes at different sites

The arrow indicates density classes that significantly affect spruce mean annual DBH increment (MAI), sph — stems

per hectar, density class based on 1,000 stems-ha*

The effect of birch density and RDI on mean an-
nual DBH growth showed diverse responses among
the different sites (Figs. 3 and 4, Tables 6 and 7).
The impact of birch density on spruce mean an-
nual DBH growth was not significant up to a birch
density of 8,000 stems-ha~! at Luyben site, which
was followed by Beaver and Profit sites (5,000
stems-ha~!) while at RC11, RC12 and Klua sites the
density was 4,000 stems-ha~! (Table 7). On the oth-
er hand birch RDI class up to < 5 had no significant
effect on spruce mean annual growth at Profit site,
which was followed by RC12 and Luyben (RDI < 4),
Beaver and RC11 (RDI < 3). However, the lowest
RDI class < 2, which did not significantly affect
spruce mean annual growth, was observed at Kula
site (Table 8).

DISCUSSION

Based on our study it was observed that the in-
tensity of tree neighbour competition on target co-
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nifers differed considerably among sites (Table 3)
and stand age, which reflects the dynamic nature of
seral mixed forests (SIMARD et al. 2004). As mean
annual DBH growth and mean basal area varied
significantly among the sites and competing densi-
ties, it is difficult to accurately predict tree growth
rate at a given neighbourhood competition level.
Other studies also suggested that variation in tree
growth at a given site can result from many factors
other than competition such as genetics (CLAIR,
SNIEKO 1999), damage or disturbance (PERRY
1994), disease (SIMARD et al. 2001), initial seed-
ling size (WAGNER, RADOSEVICH 1991), interac-
tions with soil organisms (SIMARD et al. 1997) or
microsite quality (Ari, TURKINGTON 2001). In
our study spruce growth could be influenced by
some of these factors. In another study LEGARE
et al. (2004) reported that despite the presence of
similar abiotic conditions growth of conifers [Picea
mariana (Mill.) Britton, Sterns & Poggenburg] and
the nature of the influence of broadleaves (Popu-
lus tremuloides Michx.) changed with the change
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Fig. 4. Spruce mean annual DBH increment by birch relative density index (RDI) classes at different sites

The arrow indicates birch RDI classes that significantly affect spruce mean annual DBH increment (MAI)

of broadleaf density. In most cases spruce size de-
creased with increasing birch density but the rate
of annual DBH growth significantly increased with
the increasing stand age from 15 to 20 years. How-
ever, the strength of the relationship between age
and annual DBH growth became weaker with the
increase of age. This might be due to the increase
of intertree competition. SIMARD et al. (2004) re-
ported that conifer stands reached the full site oc-
cupancy at the age of 25 years; full site occupancy
indicating stem exclusion stages of stand develop-
ment, intense intertree competition, beginning of
self-thinning, and maximal leaf area (OLIVER, LAR-
SON 1996; KozLowsk1 2002; SIMARD et al. 2004).
At the beginning of early stand development
it appears that birch competition did not have a
detrimental impact on spruce radial growth ex-
cept at RC12 site. This possibly is reflected by
similar trial establishment heights (codominant)
between spruce and birch — the spruce had not
been overtopped except at the younger Klua site or
had caught up to the birch in height. This is con-
sistent with the observations of VALKONEN and
VALsTA (2001), who suggested a small negative ef-
fect of birch on Norway spruce growth. Based on
the study by FAHLVIK et al. (2005) and HAWKINS
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et al. (2012a), the productivity of birch and spruce
mixture was greater compared to Norway spruce
or white spruce monocultures. The Scandinavian
experience shows that birch-spruce mixtures are
more productive than spruce alone until the age of
ca 20 years and thereafter, spruce monocultures are
usually more productive (FRivoLD, FRANK 2002).
However, BERGQVIST (1999) hypothesized that
the uppermost leaves of spruce are light saturated
and therefore shading has a small impact on spruce
photosynthetic productivity. However, there still is
an uncertainty regarding birch-spruce competition
and whether it will increase or decrease with stand
age at the Klua site (Fig. 2). From different stud-
ies it was revealed that birch growth slows down
with increased stand age [around 15 years (Fri-
voLD, FRANK 2002) and 15-20 years (SIMARD,
VYsE 2006)]. If this is the case at Klua, the competi-
tive effects of birch should decrease in the future.
With the exception of RC12 site, there were birch
density and RDI class below which white spruce
trial establishment DBH was not affected by com-
petition (Tables 5 and 6). Based on this study, the
birch density that significantly affects the spruce
growth exceeded the current reforestation guide-
lines (British Columbia Ministry of Forests 2002,
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2005). Conversely, the observed results of minimal
birch impact on spruce DBH at trial establishment
are supported by different studies in North America
(KELTY 2006) and Scandinavia (BERGQVIST 1999).
At RC12 site, where birch competition significantly
affected spruce establishment DBH (Table 5), but
when we consider the mean annual spruce DBH
growth over a three-year period, birch density up
to 4,000 stems-ha~! showed an insignificant effect.
Birch densities and RDI had to exceed
4,000 stems-ha™! and 3, respectively, to affect
spruce annual DBH growth significantly at all sites
except the Klua site, where density was greater than
4,000 stems-ha~! but RDI less than 3 (Tables 7 and
8). Again, these values represent significant levels
of competition that largely exceed the current BC
reforestation guidelines (British Columbia Min-
istry of Forests 2002, 2005). Even at the Klua site,
where birch was dominant rather than codomi-
nant, the density exceeded the BC reforestation
guideline too (1,000 stems-ha~! broadleaves). This
suggested that the retention of broadleaves up to
a threshold density level in the conifer forest may
increase the total productivity of stands. Some
other studies in the central BC interior (HAWKINS,
DHAR 2011; HAWKINS et al. 2012a) showed that the
threshold density of birch in spruce-birch mixed
stands was within 3,000-4,000 stems-ha~! in 10 to

18 years old stand. Moreover, they also reported
that spruce-birch mixed stands are more produc-
tive than the single species stand. Some other in-
vestigations in mixed stands also suggested greater
productivity than that of pure stands of either spe-
cies (SIMARD et al. 2005; NEwWSOME et al. 2010).
According to KELTY (2006) more than two species
combinations provide the greatest yield compared
to pure stand. A similar observation was reported
by MARDA (1996), where spruce yield was signifi-
cantly hampered by mixedwood conditions but
the yield of birch was almost three times higher
than the loss of spruce yield. On the other hand,
KNOKE et al. (2008) stated that compared to pure
stand the yield of mixed stand varies from site to
site. Similarly, BROwN (1992), FRivoLD and FRANK
(2002), PreTZSCH (2005) concluded that depend-
ing on the adaptation of the monoculture stand to
the site conditions both higher and lower or even
equal yield can be possible in mixed stands com-
pared to pure stand. NEwToN and COMEAU (1990)
hypothesized that the potential benefit of compet-
ing vegetation to the site nutrient balance could
lead to long-term productivity gains while others
(MATTHEWS 1989; SIMARD, VYSE 2006) suggested
that nutrient inputs to the system from birch lit-
ter are important for maintaining site productivity
over several rotations. According to RICHARDS et

Table 8. Regressions of mean annual spruce DBH (cm) growth against different relative density index (RDI) classes

at the six sites

Site RDI class 7 F P Equation
all 0.027 2.8853 0.094 DBH = 0.9704 — 0.03533 x RDI, # = 69
Eizle’telrlry <4 0.1268 9.4184 0.0033 DBH = 1.0406 — 0.09375 x RDI, # = 59
<3 0.043 3.2007 0.0799 DBH = 1.0299 — 0.07889 x RDI, 7 = 50
all 0.0941 6.6097 0.013 DBH = 1.1390 — 0.05730 x RDI, # = 55
<5 0.1266 9.988 0.0025 DBH = 1.0277 — 0.08161 x RDI, # = 63
Beaver Lake
<4 0.1227 8.1293 0.0063 DBH = 1.1655 — 0.08119 x RDI, 7 = 52
<3 0.0558 3.6024 0.0644 DBH = 1.1661 — 0.08154 x RDI, # = 45
Raspberry all 0.1325 7.8702 0.0075 DBH = 1.0350 — 0.07066 x RDI, 1 = 47
Creek 12 <4 0.0337 2.4988 0.1214 DBH = 1.0182 — 0.04710 x RDI, 7 = 44
all 0.3916 29.966 < 0.0001 DBH = 0.9406 — 0.06959 x RDI, 1 = 46
Klua Creek <3 0.1186 5.3041 0.0282 DBH = 0.9705 — 0.09805 x RDI, # = 33
<2 0.0787 3.3055 0.0806 DBH = 0.9765 — 0.11223 x RDI, # = 28
Drofit River all 0.06865 6.15976  0.01551 DBH = 0.83466 — 0.03666 x RDI, 1 = 71
v <5 0.10235 761334  0.07718 DBH = 0.87622 — 0.06440 x RDI, # = 59
all 0.0812 5.3294 0.0253 DBH = 0.7893 — 0.01397 x RDI, 7 = 50
Luyben <5 0.1222 6.4283 0.0155 DBH = 0.8432 — 0.04521 x RDI, 1 = 40
<4 0.0207 1.697 0.202 DBH = 0.8362 — 0.03779 x RDI, 1 = 34

in bold — significant at a = 0.05 when the regression changes from significant to non-significant
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al. (2010), more than 65% of mixed species studies
showed a significant increase of nitrogen (N) and
phosphorus (P) use efficiencies when different spe-
cies are grown in a mixture compared to a mono-
culture. Therefore beneficial interactions inherent
in species mixes will be lost when broadleaf species
(birch) are removed. Moreover, birch is an early
seral species and its competitive effect on the co-
nifer target species diminishes after crown closure
(FrRIvoLD, FRANK 2002; SIMARD, VYSE 2006).

Management implications

Forest management practices in British Columbia
(BC) deal with the removal of broadleaf trees and
other competing vegetation to increase conifer pro-
ductivity due to the Forest and Range Practices Act of
BC (1996) (CoMEAU et al. 2000; WAGNER et al. 2005;
HAwKINS et al. 2012a). According to this regulation
forest managers are forced to measure a regenerating
plantation performance against pure conifer stands
where all deciduous vegetation is treated as a com-
petitor. The major consideration for this practice is
to reduce the competitive effect on conifer crop or
target trees and facilitate a better productive environ-
ment (WAGNER et al. 2005). Based on this practice a
free growing policy has been implemented to regulate
competition from broadleaves and other vegetation
(British Columbia Ministry of Forests 2002; SIMARD,
VYSE 2006). A free growing stand is defined as a stand
of healthy trees of a commercially valuable species,
the growth of which is not impeded by competition
from plants, shrubs or other trees (British Columbia
Ministry of Forests 2005). Based on this, a free grow-
ing conifer could have no broadleaf tree greater than
two-thirds of its height within a 1-m radius.

In BC, hardly any of the conifer plantations
meets free growing requirements without a brush-
ing treatment and these brushing treatments com-
monly involve almost complete broadleaf removal.
This may lead to unnecessary herbicide application
costs for attaining a free growing standard and it
may have a detrimental impact on ecosystems al-
though a study by HAwWKINS et al. (2012b) reported
that herbicide application showed minimal or no
impact on understorey vegetation diversity in cen-
tral BC. From our investigation, birch densities up
to 4,000 stems-ha~! in 15-20 years old stands ap-
pear not to significantly influence spruce produc-
tivity in the northern BC interior. However, compe-
tition relationships derived in this study need to be
further tested in a manipulated experimental trial
in another part of BC to validate the results as other
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than birch density, different underlying environ-
mental factors may also affect the target conifer per-
formance directly. This might also be the reason to
have low adjusted r* values in our regression models.
Therefore we recommended forest managers to use
these results but use them with caution and find spe-
cies mixtures that maximize the benefits and mini-
mize the costs of maintaining mixedwood stands.
Moreover, this knowledge will provide an outline for
more diverse provincial policies regarding the main-
tenance of mixed species composition.
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