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Abstract

The impacts of different methods of mechanical site preparation (MSP) on performance and foliar nutrition of planted white

spruce (Picea glauca (Moench) Voss) seedlings were examined at two mixed-wood boreal forest sites (Judy Creek, Fox Creek)

in Alberta, Canada. The treatments included three types of MSP: disc trench, ripper plough, and bladed, the latter including

interpreted using vector analysis. MSP did not signi®cantly affect seedling survival, height or unit needle weight. There was a

non-signi®cant trend of higher foliar biomass for seedlings in MSP areas than for control seedlings. Overall, the impact of

MSP on foliar nutrient status on these sites was minimal. The only consistent positive effect of MSP on seedling nutrition was

increased foliar Mg concentrations in blade-thin sites at Fox Creek. Indications of possible negative impacts of MSP include:

increased Fe and Al concentrations in MSP areas at both sites; reduced P and K concentrations at both sites; and reduced Mn

concentration and content at one site. The ripper treatment had the greatest positive effect on foliar nutrient status (P, K, Mn

concentration). Blading (particularly blade-thin) resulted in the lowest concentrations of foliar P, K and Mn and the greatest

increases in foliar Fe and Al. # 1998 Elsevier Science B.V.
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1. Introduction

Upon planting, conifer seedlings must immediately

begin acquiring water and nutrients in order to support

photosynthesis and future growth (Margolis and

Brand, 1990). The ability to do so depends upon

nutrient availability in the soil, soil temperature,
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Although an important objective of MSP has been

to improve nutrient availability to planted seedlings,

MSP has been associated with some negative impacts

on site nutrient relations including leaching of cations

as a result of increased nitri®cation (Vitousek and

Matson, 1985; Fox et al., 1986; Smethurst and Nam-

biar, 1990; Vitousek et al., 1992; Munson et al., 1993)

and reductions in available P (Krause and Ramlal,

1987), N and C in surface soils (Tuttle et al., 1985;

Munson et al., 1993). MSP may effectively improve

seedling nutrition in the short term (Burger and Pritch-

ett, 1988; Munson et al., 1993) but there is also

evidence for negative effects of MSP on foliar nutrient

status of seedlings in the short (Brand and Janas, 1988;

Brand, 1991) or long (Weber et al., 1985) term.

On boreal sites, with cold soils, long winters and

cool air temperatures, and where species are adapted

to these conditions, responses to site preparation may

well be less dramatic than those observed for more

southerly sites and species (Munson and Timmer,

1995). There is currently no information on the effects

of different methods of MSP on seedling nutrition in

the mixed-wood boreal forest in Alberta, a region

currently experiencing rapid increases in the extent

of land under management for ®bre production. In our

previous paper (Schmidt et al., 1996), we demon-

strated that 15 months after MSP, treated areas had

either reduced or unchanged concentrations of total

and mineralizable N and available P in surface mineral

soils and increased or unchanged pH and exchange-

able base concentrations. In this paper, we discuss the

impacts of different methods of MSP on foliar con-

centrations and contents of N, P, K, Ca, Mg, S, Mn, Fe

and Al in planted white spruce (Picea glauca

(Moench) Voss) seedlings.

2. Materials and methods

2.1. Site description

The two study sites (Judy Creek: 548240N,

1158400W, 1010 m elevation, slope: 20%, aspect:

2708 and Fox Creek: 548150N, 1168490W, 975 m,

slope: 6%, aspect: 3508) were located in the White-



seedlings. Then, 10±15 seedlings were assessed along

each of two transects per block (per treatment, per

site). At the end of August 1993, height, terminal

leader length, and caliper (diameter) of the terminal

leader were measured for 10 seedlings along each of

three transects per block (per treatment per site). For

those data, the thin and thick microsites (within blade)

were not distinguished.

Foliar samples were collected from planted seed-

lings in ®ve treatments: disc, ripper, blade-thin, blade-

thick, and harvested-control (no MSP). For each treat-

ment, within a block, samples were collected along

two transects corresponding to rows along which the



ANOVA. When treatment or any interaction involving

treatment was signi®cant for concentration or content,



Creek (Table 2). Foliage of seedlings at Judy Creek

had signi®cantly higher foliar concentrations of P, K

and Ca, contents of N, P, K, Ca, Mg and S (not shown)

and lower foliar concentrations and contents of Mn

(Table 3) and Al (not shown) than seedlings at Fox

Creek.

Differences in a number of soil chemical properties

between the two study sites also suggest that Judy

Creek is the more fertile site (Schmidt et al., 1996).

The forest ¯oor at Judy Creek had signi®cantly higher

mineralizable N, pH, exchangeable bases, base satura-

tion and total concentrations of K, Ca, Mg, and Mn

than at Fox Creek. The mineral soil at 0±7 cm, at Judy

Creek, had higher mineralizable N, available P, pH,

exchangeable bases and base saturation than at Fox

Creek.

Signi®cant site�treatment interactions were found

for foliar concentrations and contents of Mg and Mn

(Table 1). At Fox Creek, the ripper treatment had little

effect on Mg concentration or content, whereas this

treatment had much larger effects at Judy Creek

(Fig. 1). In October 1993, there was a tendency for

foliar Mg concentrations to be lower for MSP treat-

ments as compared to the control at Judy Creek but to

be higher for MSP treatments as compared to the

control at Fox Creek (Fig. 1). For Mn, the

site�treatment interaction is attributable to differ-

ences in the effectiveness of the ripper and blade

treatments at the two sites (Table 3, Fig. 2).

3.2. Seedling performance, foliar biomass and N, P,

K, Ca, Mg and S

Overall seedling survival was >85% in all treat-

ments and there were no signi®cant effects of MSP on

seedling survival, ¯ushing of the terminal leader,

height in 1992 and 1993, the diameter and length of

the terminal leader, or unit needle weight (Tables 1

and 2). Relative foliar biomass of seedlings in

MSP areas was generally higher (except disc on all

sampling dates, ripper in July 1992 at Fox Creek) than

for control seedlings but the effect was small and

non-signi®cant (p�0.07, Tables 1 and 2). There is

little information on what limits early seedling growth

on mixed-wood sites in the western boreal forest.

Soil temperature, water logging, nutrient availability,



Table 3

Results of planned comparisons following significant treatment or site X treatment effects (Table 1). Data for the two sites were pooled if there

were no significant interactions involving site (see Table 1). The range is given when no planned comparisons were significant. Mean foliar (a)

concentrations and (b) contents for planted white spruce seedlings by site, collection time (July 1992, July 1993 and Oct. 1993), and MSP

treatment (italics represent individual MSP treatment significantly different from harvested-control

(a) Concentration (mg gÿ1)

Site Treatment P a K Fe Al

July `93 Oct. `93
Oct. `93

July `92 Oct. `93
July `92

Both 1 control 1.87 2.14 b 5.87 b 0.030 b 0.038 0.018 b

disc 1.86 1.98 5.69 0.042 0.042 0.028

ripper 1.78 1.97 5.38 0.047 0.070 0.037

blade-thick 1.77 1.90 5.42 0.064 0.055 0.041

blade-thin 1.68 1.74 5.27 0.150 0.093 0.106

Mn Mg

July `93 Oct. `93 July `92 July `93 Oct. `93

Judy control 0.20±0.34 0.76 b 0.92±1.07 0.77±0.81 0.86±1.07

disc 0.39

ripper 0.57

blade-thick 0.59

blade-thin 0.44

Fox control 0.53 1.03 b 0.83 0.73 0.92

disc 0.58 0.98 0.84 0.77 0.96

ripper 0.52 0.76 0.95 0.76 1.04

blade-thick 0.38 0.74 0.97 0.81 1.10

blade-thin 0.28 0.50 1.05 0.88 1.16

(b) Contents (mg seedlingÿ1)

Site Treatment Al

July `92

Both control 0.07 b

disc 0.11

ripper 0.15

blade-thick 0.20

blade-thin 0.55

Mn Fe

July `92 July `93 Oct. `93 July `92 July `93 Oct. `93

Judy control 0.95 2.10±2.64 5.80 0.16 b 0.19 0.40±1.22

disc 0.75 3.81 0.14 0.45

ripper 1.80 6.70 0.23 0.45

blade-thick 1.16 5.45 0.31 0.24

blade-thin 1.31 b0.030



climatic effects, and competition are generally con-



control while foliar Mn concentrations and contents of

seedlings in disc and blade-thin areas were signi®-



areas as compared to controls while foliar biomass and

nutrient content showed no signi®cant differences

(Table 1, Figs. 3 and 4). This suggests that supply

was not suf®cient to keep up with demand. For Mn in

July and October 1993 the MSP-treated seedlings had

lower foliar concentrations and contents than seed-

lings in the control areas but similar foliar biomass

(Fig. 2). This pattern is the reverse of that normally

interpreted as luxury consumption (Timmer and

Stone, 1978) and suggests reduced availability of

Mn, but that it was non-limiting. In July and October

1993, concentrations of Mg for seedlings in blade-thin

areas were higher while foliar biomass was

unchanged, indicating possible luxury consumption

(Fig. 1).

Overall, it appears that the impact of MSP on foliar

nutrient status on these sites was minimal. The only

consistent positive effect of MSP on seedling nutrition

was increased foliar Mg in blade-thin sites at Fox

Creek (Fig. 1). In July and October 1993, there may

have been luxury consumption of Mg. Indications of

possible negative impacts of MSP include: reduced P

and K concentrations (Figs. 3 and 4) at both sites and

reduced Mn concentration (Fig. 2) and content. How-

ever, the data do not indicate any de®ciencies of these



3.3. Comparison with results of soil chemical

property measurements

A comparison of soil chemical properties on these

same study sites (Schmidt et al., 1996) indicated that

MSP either reduced or did not change total N and C, C/

N ratio and mineralizable N. Lower C/N ratios asso-

ciated with MSP were considered a positive in¯uence

on site fertility, since lower C/N ratios are often

associated with increased N availability. However,



synthesis in red spruce seedlings (McLaughlin et al.,

1991). It is likely that, in July 1992, seedlings in the

blade-thin area were experiencing harmful concentra-

tions of Al (0.106 mg gÿ1



¯oor in harvested (vs. unharvested) areas had higher

Fe and Al concentrations (Schmidt et al., 1996),

presumably as a result of contamination by mineral

soil, although we have no data on Fe and Al in mineral

soils.

3.5. Comparison of MSP treatments

The various MSP treatments differed in their in¯u-

ence on foliar nutrient status between sites and over

time. This can be attributed to differences in the effect

of MSP treatments on soil physical and chemical

properties, and in the time response of these and,

potentially, to differences in the way MSP treatments

were applied at each site. The ripper treatment had the

greatest positive (but not signi®cant) effect on tree

growth and foliar nutrient status. Seedlings in the
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