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Five-year growth response of western red cedar,
western hemlock, and amabilis fir to chemical
and organic fertilizers

C.E. Prescott and S.M. Brown

Abstract: The hypothesis that growth responses of conifers to application of organic fertilizers are of longer duration
than responses to chemical fertilizers was tested in two trials on northern Vancouver Island. Both trials were in
10-year-old plantations of conifers on a salal-dominated cutover known to have poor N supply. In Trial 1, western red
cedar Thuja plicataDonn ex D. Don), western hemlocRguga heterophyllgRaf.) Sarg.), and amabilis firApies

amabilis (Dougl.) Forbes) were treated with municipal biosolids at 542 kg N-had 162 kg P-h& or ammonium

nitrate and triple superphosphate at 225 kg N‘tamd 75 kg P-hd. Height increments in the 5 years following
applications were two to five times greater in plots treated with either biosolids or fertilizer than in untreated plots. In
Trial 2, western red cedar was treated with fertilizer at 225 kg N-had 75 kg P-h& or the following organic
amendments at 504-610 kg N-habiosolids, biosolids and pulp and paper sludge, fish silage and wood ash, fish
silage with wood ash and pulp and paper sludge, and wood ash alone. Height increments in the 5 years following
applications were similar in all treated plots (except wood ash alone). These experiments provided no evidence for
sustained growth responses in plots treated with organic fertilizers compared with those treated with chemical fertilizer.

Résumé: L'hypothése selon laquelle I'effet des fertilisants organiques sur la croissance des coniferes dure plus
longtemps que celui des fertilisants chimiques a été testée dans deux essais effectués dans la partie nord de I'lle de
Vancouver. Les deux essais ont eu lieu dans des plantations de coniféres agées de 10 ans et situées sur un site dominé
par la gaultherie et coupé a blanc, réputé pour sa déficience en azote. Dans le premier essai, le cedre d&Higaest (
plicata Donn ex D. Don), la pruche de I'Ouesiquga heterophylldRaf.) Sarg.) et le sapin gracieuRlfies amabilis

(Dougl.) Forbes) furent traités avec un fertilisant organique (boues des eaux usées municipales) contenant 542 kg
N-ha' et 162 kg P-hd ou avec du nitrate d’ammonium et du triple superphosphate aux taux de 225 kg it lue

75 kg P-hal. Au cours des 5 années suivant les applications, la croissance en hauteur était deux a cing fois plus

élevée dans les parcelles traitées avec le fertilisant organique ou les fertilisants chimiques que dans les parcelles
témoins. Dans le deuxieme essai, le cedre de I'Ouest a été traité avec les fertilisants chimiques a raison de 225 kg
N-ha! et de 75 kg P-ha ou avec les amendements organiques suivants a raison de 504—610 kf:Nkm boues des

eaux usées municipales, des boues des eaux usées municipales avec des boues d’une usine de pates et papiers, des
déchets de poisson avec de la cendre de bois, des déchets de poisson avec de la cendre de bois et des boues d’'une
usine de pates et papiers et avec de la cendre de bois seule. Au cours des 5 années suivant les applications, la
croissance en hauteur était semblable dans toutes les parcelles traitées, excepté dans les parcelles traitées avec de la
cendre de bois seule. Ces expériences ne fournissent aucun indice d’'une réponse soutenue en croissance dans les
parcelles traitées avec des fertilisants organiques comparativement aux parcelles traitées avec des fertilisants chimiques
conventionnels.

[Traduit par la rédaction]

Introduction ported in many species of conifers fertilized experimentally

Municipal biosolids and other organic residuals contain all
essential plant nutrients and organic matter, and shoul
therefore be effective as a fertilizer and soil conditioner in;
forests. Indeed, substantial growth responses have been

with municipal biosolids (Henry et al. 1993; McDonald et

[. 1994). It has further been suggested that additions of
iosolids, unlike chemical fertilizers, may lead to substantial
improvement in site quality and sustained increases in pro-
r(‘j?l]ctivity through permanently higher organic matter and nu-
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trients (Brockway et al. 1986; Henry 1990). Biosolids might
promote a longer growth response than chemical fertilizers
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improvements in soil structure and moisture retention af-
forded by biosolids (Khaleel et al. 1981). Although tree
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greater and longer lasting than chemical fertilization (Henrymass, which supplied about 542 kg N*hand 162 kg P-h& The

et al. 1993), there have not been sufficient direct comparibiosolids were 26% solids and 2.4% N, with a C/N ratio of 10.
sons of the magnitude and duration of tree growth responsefout 15% of the N was in inorganic forms. Ammonium nitrate
to biosolids with that achieved with conventional chemical@"d triple superphosrﬁ)gate were applied by hand at rates of 225 kg
fertilizers. This information is essential for decisions regard-\ "2 and 75 kg P-ft& which is the standard operational treat-

. ) ; . > . o2 ment for these sites. The higher loading of N in the biosolids was
ing the inclusion of organic fertilizers in forest fertilization designed to compensate for the lower inorganic N content.
programs.

: . . The heights of the 50-84 trees in each plot were measured in
Plantations of western red cedarh{jja plicataDonn eX  pecember of 1990 through 1993 and in December 1995. Height in-
D. Don), western hemlockTéuga heterophyllgRaf.) Sarg.), crements of each tree during 1992 and 1993 (2 and 3 years after
and amabilis fir Abies amabiligDougl.) Forbes) on cedar— treatment) and during 1994 and 1995 (3 and 4 years after treat-
hemlock sites on northern Vancouver Island demonstratethent) were calculated and the means were compared among treat-
substantial growth responses following applications of mu-ments by univariate analysis of repeated measures using SPSS.
nicipal biosolids (Weetman et al. 1993). During the first two I—_|e|ght increments during the first growing season after fertiliza-

growing seasons after applications, conifer growth was ention (1992) were not assessed because growt.h of fir is determingnt
hanced in plots treated with biosoylids similar to that Ob_and therefore responses would not occur until the second growing

. . . e . season.
served in plots that received chemical fertilizer (ammonium

nitrate and triple superphosphate). Growth responses Lg | 2
chemical fertilizers on these sites are substantial, but have'&

been shown to decline about three years after fertilizationy, yqe fish silage mixed with wood ash, silage and ash mixed with
(Wegtman et al. 1980 198%). We hypothesized that this pulpgsludge, Wc?od ash alone, and chemica? fertilizer (ammonium
decline in growth response after 3 years would not be agjirate and triple super phosphate) were applied to a 9-year-old
great in trees treated with municipal biosolids, which wouldpjantation of western red cedar in December 1990. The trial was
continue to mineralize nutrients in subsequent years. Thigeplicated in three blocks, each containing six treatment plots and
hypothesis was tested by comparing height increments aine control (untreated) plot which were randomly distributed within
trees during the fourth and fifth years after application ofeach block. As in Trial 1, biosolids were applied at 542 kg N*ha
each of the fertilizer treatments. The hypothesis of extende@nd inorganic fertilizer was applied at 225 kg N-haand
growth response was also tested in a second trial in whici> k9 P-ha- Ensiled fish waste (2.0% N) was mixed with wood
western red cedar was amended with municipal biosolidsaZhM(&ﬁ by T]‘.ais) on l_suge %”d Sggiyﬁd ﬁ”ﬁ:\f\’/’mz at ﬁhrate of
ensiled fish waste, and mixtures of these materials with pulgi g:ha, which supplied about g ™ 0od ash nas

. ery low N concentrations (0.08%) but contains many micronutri-
sludge (McDonald et al. 1994). It was hypothesized that the,is ang has a high pH, which increased the pH of the silage. Fish

higher C/N ratios in the pulp sludge mixtures would immo- sjjlage and ash (25 Mg-t¥ were mixed with an equivalent mass of

bilize excess N from the biosolids (Henry 1986), which pulp sludge and sprayed onto plots at a rate of 540 kg N.ha

would further slow N mineralization and extend the growthWwood ash was applied by hand at 5 Mg-haPulp mill clarifier

response period. sludge was added to the biosolids and to the silage to increase the
C/N ratio of the fertilizers. The N content of the primary pulp
sludge was 0.16% and the C/N was 275. Biosolids (69 Mg)ha

Methods were mixed with an equivalent mass of pulp sludge and sprayed
onto plots at a rate of 610 kg N-ttaAs in Trial 1, the higher N

The study area is in the wetter Coastal Western Hemlock bio,44ings in the organic treatments were designed to compensate for
geoclimatic zone (CWHb) (Pojar et al. 1987) between the towns Ofggq of the N being in available forms.

Port McNeill and Port Hardy, B.C. (50°60, 127°33W). Annual Heights of the 22-38 trees in each plot were measured at the

average precipitation is 1700 mm and mean daily temperatureg,me times as in Trial 1. The height increments during 1992 and
range from 3.0°C in January to 13.7°C in July (data from Atmo- 1993 (2 and 3 years after treatment) and during 1994 and 1995 (3
spheric Environment Service station in Port Hardy). Topography iS4 4 years after treatment) were calculated for all trees in each
gently undulating, and elevations are all less than 300 m. Soils arg: ang the means were compared among treatments by univariate
well-drained to imperfectly drained ferro-humic podzols of Sa”dyanalysis of repeated measures using SPSS. The mean values were

loam texture on deep unconsolidated morainal and fluvial outwash, ;i steq for original tree height (1990) before fertilizer application.
material. Cedar-hemlock sites have deep humus accumulationg,o accepted level of significance was< 0.05.

prior to harvesting and variable amounts thereafter. Both trials
were on a single cutover of a cedar—hemlock site that was clearcut

and burned in 1981 and planted with conifers in 1982. The ericaResults
ceous shrub, salalGaultheria shallon Pursh), was abundant

Municipal biosolids, municipal biosolids mixed with pulp

throughout the cutover. Trial 1
) Both biosolids ad N + Pfertilizer significantly increased
Trial 1 the height growth of all three species (Figs, 2a, and &),

and triple superphosphate) were applied to 9-year-old plantationgeatments. Height increments of all three species in fertil-
of cedar, hemlock, and fir in December 1990. There were three ed and biosolids-amended plots during years 4 and 5 were

blocks; each block received one treatment. Each block containe&

four randomly distributed 15 x 15 m plots of each tree species.mUCh reduced from those during years 2 and 3, but were siill

There were 36 plots in total, including 12 control (unfertilized) Significantly greater than in control plots (Figsh,12b, and

plots. Dewatered, anaerobically digested biosolids from the GreatedP)- There were no significant differences in height growth
Vancouver Regional District was rewatered on site and manuallyduring the second interval between trees treated with bio-
sprayed onto the plots. The application rate was 69 Mg-iey  solids and those treated with chemical fertilizer. In control
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Fig. 1. (a) Height growth of western red cedar following Fig. 2. (a) Height growth of western hemlock following

application of chemical (N + P) fertilizer or biosolids. Each application of chemical (N + P) fertilizer or biosolids. Each

value is the mean of four plots of each treatment. For each yearyalue is the mean of four plots of each treatment. For each year,
different letters signify significant differences between treatmentsdifferent letters signify significant differences between treatments
based on analysis of variancds) (Height increments during based on analysis of variancds) (Height increments during

years 2 and 3 (black bars) and during years 4 and 5 (white barsyears 2 and 3 (black bars) and during years 4 and 5 (white bars)
after fertilizer application. The mean and SE of the four plots of after fertilizer application. The mean and SE of the four plots of
each treatment are shown. For each interval, different letters each treatment are shown. For each interval, different letters

indicate significant differences between treatments. indicate significant differences between treatments.
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plots, height increments during years 4 and 5 were eithel
similar or slightly greater than in years 2 and 3. 0
Trial 2 control biosolids N+P
All of the organic amendments (except wood ash alone) Treatment

stimulated height growth of western red cedar (Fig).4

Height increments during years 2 and 3 were significantlytrol plots or plots treated with wood ash (Figb)4 Height
greater in plots treated with chemical fertilizer, biosolids, orgrowth during years 4 and 5 declined in all plots treated
fish silage (alone or amended with pulp sludge) than in conwith chemical fertilizer or organic amendments. There were
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Fig. 3. (a) Height growth of amabilis fir following application of deficient plantations. However, the growth responses to the
chemical (N + P) fertilizer or biosolids. Each value is the mean organic amendments were similar to those achieved with
of four plots of each treatment. For each year, different letters chemic& N + P fertilizer, both in magnitude and duration.
signify significant differences between treatments based on We had hypothesized that the municipal biosolids would
analysis of variance.bj Height increments during years 2 and 3 provide a longer growth response because N is mineralized
(black bars) and during years 4 and 5 (white bars) after fertilizerover a longer period of time compared with chemical fertil-
application. The mean and SE of the four plots of each treatmenizers, which release all of the N during the first growing sea-
are shown. For each interval, different letters indicate significant son. However, the declines in height increments during the
differences between treatments. third and fourth years after treatment indicate that release of
Hic £ N from the biosolids was mostly confined to the first one or
Amabilis fir . o . -
two growing seasons after application. This was also indi-

a cated by foliar N concentrations that declined to pretreat-
280 - (@ | —&— control A ment levels by the third growing season after fertilization
—F— N+P LA (C. Prescott, unpublished data). There were also visual indi-
260 ~ & biosolids // a cations that N supply was diminishing by year 5 in both fer-
240 4 a . tilized and biosolids-amended plots. In amabilis fir, leader
A growth and needle size and colour were maintained in the
A 220 )2 upper whorls, but were much diminished in lower whorls
S 200 4 a‘,/ a relative to controls, suggesting that there was translocation
= A of N and sacrificing of needles on lower branches in re-
k= 180 o sponse to reduced N supply. Growth responses to biosolids
I 160 - Z.- / a in this trial were therefore very similar to those achieved
with the conventional practice of chemical fertilization of
140 o these sites. Although more than twice as much N was added
120 4 a in the biosolids, the response was the same as that achieved
with 225 kg N-hal in ammonium nitrate.
100 ~ Several processes may account for the lack of additional
80 response with the larger loading of N in biosolids. First, sev-
! ! ' ! ! ‘ eral studies have shown that much of the mineralized N in
0 1 2 3 4 5 biosolids can be lost through volatilization or denitrification
Year (Zasoski et al. 1984). Second, much of the organic N in
biosolids may be mineralized so slowly that it may be insig-
100 nificant as a fertilizer. A number of laboratory studies of N
(b) | years 2-3 i iz ati i9soli indi
mineralization from biosolids have indicated that there are
] years 4-5 a basically two pools of organic N in biosolids; a rapid pool
80 a consisting of labile organic forms and a slow pool consisting
. of more recalcitrant organic forms (Boyle and Paul 1989;
£ Lerch et al. 1992; Gilmour et al. 1985 The labile pool
= A A generally accounts for between 10 and 50% of the organic N
G 60 - i i i i
@ and is generally lower in anaerobically digested sludges
% (Serna and Pomares 1992, Parker and Sommers 1983). The
g remaining biosolids appear to be converted to humuslike
= 40 material (Gilmour et al. 199§ and may in fact be more re-
=) calcitrant than native soil organic matter (Boyle and Paul
2 B 1989). The implications for this experiment are that less than
20 - b half of the 500 kg N-h& applied in the biosolids would
have been mineralized at an appreciable rate and that this
would probably have all occurred during the first growing
0 season. The fertilization effect of the biosolids application

would therefore have closely resembled the addition of
225 kg N-ha' in chemical fertilizer.
In the fish silage treatments, the organic material had been

no significant differences in responses to the various organigfound and ensiled in formic acid for several weeks prior to
and inorganic treatments during years 4 and 5. In controfPPlication, so it would have been largely broken down prior

trees and in trees treated with wood ash, height growth ifC @pplication. Therefore, most of the N in the silage was
years 4 and 5 increased relative to years 2 and 3 also probably available immediately after application. NMR
' spectra of the fish silage indicated that much of the organic

- - material in the silage was in the form of oils, which would

Discussion be expected to be rapidly decomposed after application,
All of the organic amendments (except wood ash) used iheading to rapid N release (C. Preston, personal communica-

these trials increased growth of conifers in these nutrienttion). Foliar N concentrations were greater in the fish silage

control biosolids N+P
Treatment
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Fig. 4. (a) Height growth of western red cedar following application of fertilizers. For each year, different letters signify significant
differences between treatments based on analysis of varidncEle{ght increments during years 2 and 3 (black bars) and during years

4 and 5 (white bars) after fertilizer application. C, contridl + P, chemical fertilizer; B, municipal biosolidB + P, biosolids + pulp

sludge; F, fish silage; FP, fish silage + pulp sludge; A, wood ash. The mean and SE of three plots per treatment are shown. For each
interval, different letters indicate significant differences between treatments.
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treatments than any other treatment during the first 2 years Pulp sludge was added to the biosolids and fish silage to
after application, despite similar application rates (McDon-increase the C/N ratio of the mixture, which should cause
ald et al. 1994), indicating that silage supplied more minerasome of the N to be immobilized and thus released more
N than biosolids in the first year or two after application. gradually. However, there was little evidence of significant
However, the additional N released from silage did not re-N immobilization in the pulp sludge since foliar N concen-

sult in significantly greater height growth, suggesting thattrations and growth increments during the first two growing

the cedar on these sites do not respond more to N additiorseasons were similar in biosolids or fish silage with and
greater than 250 kg-ha without pulp sludge (McDonald et al. 1994). There was also
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no evidence of prolonged release since rates of tree growttilization to determine if responses to fertilizers diverge after
during the fourth and fifth year after application were simi- 5 years.

lar in sludge amended and unamended biosolids and silage In summary, these trials demonstrated that large growth
treatments. The materials in this study were crudely mixedesponses can be achieved with organic fertilizers on these
compared with the intimate mixing of C and N in natural lit- cedar—-hemlock cutovers. There was, however, no evidence
ters and residues, in which a relationship between C/N andf sustained growth response or prolonged elevation of N
N mineralization is often observed. This degree of mixing ofavailability in plots treated with organic fertilizers. Re-
the carbon and nutrients would not have been on a scale thaponses to municipal biosolids and fish silage were similar
makes them both accessible to the microorganisms that would both magnitude and duration to responses from inorganic
degrade the materials and immobilize N. The nature of théertilizers. Increasing the C/N ratio of the material by mixing
carbon source would also play a role in determining thesewage sludge or fish silage with pulp sludge also did not
degree of microbial immobilization of N during decomposi- extend the response period.

tion. Pulp sludge may be too recalcitrant to stimulate suffi-

cien_t microb_ial activit_y soon enough to retain the highlyAcknowlegements
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