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INTRODUCTION

Worldwide demands for reliable renewable 
energy sources have been growing due to exhaus-
tion of fossil fuels [Kauter et al. 2001, Szczu-
kowski et al. 2001, Berndes et al. 2003, Bentsen 
and Felby 2012]. Biomass obtained from dedicat-
ed for energy willow coppice plantations is one 
of a quite promising renewable energy sources. 
Yield of willow biomass is determined by differ-
ent factors and among them: weather conditions, 
genotype, density of planting and supply in wa-
ter and nutrient seem to play predominant role. 
Application of optimal rates of fertilizers resulted 
in enhancing biomass yields but a wide range of 
biomass yields i.e. from 3 to 20 Mg DM ha-1 are 
reported. Mortensen et al. [1998] in three years 
studies showed a positive yield response of willow 

only in the first season of willow growth, whereas 
Quaye et al. [2011] did not find any effects of fer-
tilization on willow biomass yield. Mineral fer-
tilizers can be successfully replaced by organic 
wastes and among them sewage sludge and meat 
and bone meals can be taken into consideration. 
Dimitriou and Aronsson [2011] pointed out mul-
tibenefitial effects of utilization of organic wastes 
as soil amendments: return of biogenic substanc-
es, economical aspects and public acceptance. 

Meat and bone meals are abundant in nitro-
gen (ca. 80 kg N Mg-1) and phosphorus (ca. 50 kg 
P Mg-1) and organic matter (ca. 70%), therefore, 
their utilization as soil amendment seems to be 
a promising approach within strategy of sustain-
able development because it saves some envi-
ronmental values [Mondini et al. 2008, Stępień 
and Szymczyk 2009]. There are many reports 
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[Chaves et al. 2005, Jeng et al. 2006, Nogalska 
2013, Nogalska and Zalewska 2013, Stępień and 
Wojtkowiak 2013] showing that soil application 
of MBM may be considered as a chance of con-
siderable improving soil fertility. Application of 
animal meals in willow for energy plantations can 
be effective solution for utilization of difficult to 
manage organic wastes and low-cost production 
of energy from biomass.

It is known that due to its high demands willow 
coppice is able to utilize nutrients from wastes and 
other organic amendments but in available litera-
ture no report concerning application of MBM in 
willow plantations was found. Therefore, studies 
were undertaken to determine usability of MBM 
in willow for energy plantations.

MATERIALS AND METHODS

In a cold greenhouse owned by Warmia and 
Mazury University in Olsztyn in Poland two-
factorial pot experiment was established and run 
in two seasons 2010 and 2011. Complete random 
design in four replications was used. The aim of 
the studies was to evaluate the effect of increas-
ing rates of MBM on willow (Salix viminalis L.) 
cv. Turbo above ground biomass yield, content 
and accumulation of nutrients in obtained yield 
of aboveground biomass. Two 20 cm long willow 
cuttings were planted in 10 kg of soil medium in 
plastic pot of Kick-Brauckmann system. Soil was 
originated from loamy sand of slightly acidic re-
action (pH(KCl) = 6.35) and showed the following 
content of available forms of P, K and Mg: 64.5; 
103.5 and 21.0 mg kg-1, respectively. The follow-
ing six experimental treatments were compared: 
0 (without fertilizers); NPK (mineral fertilizers – 
control); 0.5% MBM; 1.0% MBM; 1.5% MBM 
and 2.0% MBM in relation to 10 kg of soil me-
dium in each pot. 

Meat and bone meal was applied once just 
before willow planting in 2010. MBM (this batch 
was classified as a material of low hazard) was 
produced in the plant owned by Saria company 
Poland it was located at Długi Borek close to 
Szczytno. The basic chemical composition of the 
studied MBM was as follows: dry matter 95.6%; 
organic matter 71.4%; crude ash 27.6%; crude oil 
136.9 g; 78.8 g N, 46.7 g P, 3.42 g K, 100.3 g Ca, 
6.8 g Na and 2.0 g Mg kg-1 DM. Because of low 
potassium content in MBM (ca. 3.5 kg K Mg-1) 
rate of 1.25 g K just before planting was applied. 

Control treatment (NPK) was fertilized only with 
mineral fertilizers: N – 3.0 g (this rate was split 
just before planting and after willow establish-
ing – 1.5 g N, each) P – 1.5 g and K – 3.0 g this 
rate was split just before planting and after wil-
low establishing – 1.5 g K, each) applied per pot. 
Mineral fertilizers (NPK) and additional rate of 
K were applied also in the second season of the 
studies. Soil humidity in the pots was maintained 
at a level of 60% of the maximum water capacity.

After natural termination of willow growth 
above ground biomass was harvested from each 
pot and divided into stems and leaves. Then bio-
mass was dried at 67°C and chemical analyses 
were performed. Samples of biomass were di-
gested in H2SO4 with H2O2 as catalyzer. In the ob-
tained digests content of the following nutrients 
was determined: total nitrogen by hypochloride 
method according to Baethen and Alley [1989], 
phosphorus by vanadium – molybdenum method 
[Panak 1997]. Accumulation of total nitrogen and 
phosphorus was calculated on the basis of nutrients 
content and biomass yields. After harvesting soil 
was sampled and the content of available forms of 
nitrogen and phosphorus was determined. Mineral 
nitrogen forms were determined just after sam-
pling after extraction with 1% solution of K2SO4 
and in extracts N-NH4

+ with Nessler’s reagent and 
N-NO3

- with phenodisulphic acid, available phos-
phorus by Egner-Riem’s [Panak 1997]. 

Results obtained from chemical analysis of 
willow biomass were subjected to ANOVA (STA-
TISTICA 10 software) for two factorial experi-
ment a in completely randomized design assuming 
that factor a – was a rate of MBM; factor b – was 
a season of studies at the level. The significance 
of differences between arithmetic means was es-
timated by Tukey’s test (P ≤ 0.01). To estimate 
the environmental effects of MBM incorporation 
into soil the coefficients of Pearson’s correlation 
between the rate of MBM and concentrations of 
mineral nitrogen and available phosphorus in soil 
were calculated.

RESULTS AND DISCUSSION

Turbo cultivar of willow was registered by 
Department of Plant Breeding and Seed Produc-
tion of Warmia and Mazury University in Olsz-
tyn. This cultivar is characterized by lanceolate 
leaves, long stems and short branches. It is a uni-
versal form which appeared to be relatively high 
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resistant to diseases and pests of high yielding 
potential of biomass for energy. Under conditions 
of pot trial three-fold higher yield of biomass (av-
erage values for two seasons) was registered from 
MBM treatments compared to control (Table 1). 
Yields of leaves biomass were within the range from 
8.68 (without fertilizers) to 32.39 g DM pot-1 (for 
treatment with the highest MBM rate i.e. 2.0%). 
Comparing to yield obtained in control treatment 
(NPK) application the lowest MBM rate (0.5%) 
resulted in significant reduction (ca. 16%) of 
leaves yield. It was caused by complete exhaus-
tion of nutrients in the course of the experiment 
because high yield of leaves from this treatment 
was recorded (34.20 g DM pot-1) in the first sea-
son as well as high yield of stems biomass (63.60 
g DM pot-1). Contrary results were noted i.e. en-
hancing leaves biomass yields under effect of 
increased rates of MBM in the second season of 
studies comparing to the first one. In three treat-
ments with MBM application (0.5; 1.0 and 2.0%) 
significant increase of stem biomass was found 
– in average 23%. Differences of stem biomass 
yields obtained in the first and the second season 
of studies appeared to be statistically proven. It 
was related to the increase of stem yield (by 1.7-
fold) noted for the treatment with 0.5% MBM. 
Kalembasa et al. [2006], Klasa et al. [2008] and 
Nowak et al. [2012] in the result of application 
sewage sludge or compost reported high biomass 
yield of stems. Yield bearing effects of MBM soil 
application was noted by many authors [Jeng et 
al. 2004, 2006, Chaves et al. 2005, Ylivainio et al. 
2008, Nogalska et al. 2013, Nogalska et al. 2014].

The content of nitrogen in leaves ranged from 
23.01 to 46.95 g N kg-1 (Table 2). With increas-
ing rate of MBM nitrogen concentration in leaves 
and stem also increased. In comparison to the 
control, higher rates of MBM (1.0; 1.5 and 2.0%) 
resulted in significant increase of N concentration 
in willow leaves whereas for the lowest applied 
MBM rate (0.5%) statistically proven reduction 
of N concentration was found. Therefore, it can 
be concluded that this rate of MBM did not cover 
N demands of willow. Leaves collected in the first 
season of studies (2010) showed higher N content 
that in the second (relatively by 21%) and con-
trary was found in the case of N content in willow 
stems. Concentration of N in stems was lower (by 
about 3-fold) that in leaves ranging from 6.63 to 
18.71 g∙N kg-1. Meat and bone meal soil applica-
tion resulted in reduction of N content in stems 
to 35% in relation to control. Kalembasa et al. 
[2006] found no modification of N content in wil-
low shoots under conditions of soil application of 
sewage sludge and it was relatively constant i.e. 
between 7.40 and 7.50 g N kg-1. Also nitrogen fer-
tilization had no effect on the nitrogen content in 
wood of willow [Mortensen et al. 1998].

Content of P in leaves of willow found for 
treatments with MBM application was close to 
respective values for control plants (Table 2). Our 
earlier studies [Nogalska and Zalewska 2013] 
with others crops supported this results. Vari-
ability of phosphorus content in willow leaves 
ranged from 1.08 to 1.92 g P kg-1 DM. The con-
tent of phosphorus in stem biomass (similarly to 
nitrogen) was significantly lower for treatments 
with MBM application comparing o NPK treat-

Table 1. Yield of above ground willow biomass in relations to increasing rates of meat and bone meal (MBM) 
(g pot-1 DM)

Treatment
Leaves Stems

2010 2011 mean for 
dose 2010 2011 mean for 

dose
0 10.56 6.80 8.68a 15.81 7.72 11.76a

Control NPK 27.61 32.64 30.12c 34.12 35.24 34.68b

0.5% MBM+K 34.20 16.52 25.36b 63.60 28.76 46.18d

1.0% MBM+K 27.16 37.48 32.32c 37.85 41.92 39.88c

1.5% MBM+K 29.38 33.05 31.21c 33.93 34.68 34.30b

2.0% MBM+K 31.06 33.73 32.39c 42.69 37.86 40.27c

Mean for year 26.66 26.70 38.00b 31.03a

0 – without fertilizers.
NPK – mineral fertilizers.
MBM+K – meat and bone meal applied with K mineral fertilizers as in NPK. 
Values associated with the same letter are not significantly different according to Tukey’s test (P ≤ 0.01).
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ment. Willow stems harvested in the first season 
of the studies showed higher P content than in 
the second season and this difference was statisti-
cally proven. Analyzing content of this nutrient 
in leaves tissues no differences between seasons 
were found. Nowak et al. [2012] noted similar 
content of P in willow tissues comparing to re-
ported herein. However, Ylivainio et al. [2008] 
reported increase of P concentration in plant tis-
sues under effect of MBM soil application. 

In the first season of the studies accumulation 
of nitrogen in the above ground biomass enhanced 
along with increase of MBM rate to the soil while 
the highest amount of this nutrient was accumu-
lated in willow tissues at treatment of 2.0% MBM 
(on an average more by 57% comparing to NPK 
treatment) (Table 2). In the next season of studies 
values of nitrogen accumulation in willow bio-
mass were less variable than in the first season 
and only in case of treatment 0.5% MBM dis-
tinctive lower N accumulation was noted, what 
reflected lower biomass yield as well as relative 
low nitrogen content in above ground biomass. 
Taking into account mean values from two sea-
sons it was found the significant reduction of ni-
trogen accumulation for treatment with the lowest 
MBM (0.5% MBM) and the significant increase 
of this parameter for the highest MBM rate (2.0% 

MBM). Higher accumulation of phosphorus in 
willow biomass was found in the first season of 
the studies only for the treatment with the lowest 
MBM soil rate. The other MBM rates better sup-
plied willow in phosphorus in the second season 
of the studies. It indicated low rate of mobiliza-
tion of this nutrient from applied meat and bone 
meal which was abundant in phosphorus. 

Nitrogen which is the most yield bearing nu-
trient, on the other hand, posses a serious threat to 
water environment. Particularly nitrogen mineral 
forms are considered as the most hazardous. Meat 
and bone meals contain nitrogen in protein form 
which has to undergo mineralization process and 
in the first year is available for plants [Chaves et 
al. 2005, Jeng et al. 2004, 2006].

In the treatment with 1.0% of MBM the to-
tal nitrogen rate amounted to 8.0 g N pot-1 and 
in treatment with NPK 6.0 g N pot-1. MBM was 
applied once during the course of the r studies and 
NPK four times (twice in each growing season 1.5 
g pot-1 each time). Regression analysis has shown 
that there is a significant relation between MBM 
rate and content of Nmin. in the soil (r = 0.81) (Fig-
ure 2) and N-NO3

- (r = 0.72) (Figure 1). It has to 
be stressed that it was fund for soil sampled after 
first growing season (November 2011). Accord-
ing to Szczukowski et al. [2001] the high fertiliz-

Table 2. Effect of MBM soil application on content of nitrogen (N) and phosphorus (P) in leaves and stems of 
willow and accumulation of these macronutrients in shoots of willow (stem + leaves)

Treatment

Nitrogen

content (g kg-1 DM) uptake (mg pot-1)

leaves mean for 
dose

stems mean for 
dose 2010 2011 mean for 

dose2010 2011 2010 2011

0 17.29 28.73 23.01a 3.42 9.85 6.63a 236 273 254a

Control NPK 34.31 36.89 35.60c 14.46 22.96 18.71f 1443 2018 1730c

0.5% MBM+K 28.15 23.39 25.77b 6.49 10.85 8.67b 1381 695 1038b

1.0% MBM+K 50.23 38.48 44.35d 8.96 11.23 10.09c 1697 1911 1804c

1.5% MBM+K 55.29 37.09 46.19e 10.83 17.88 14.35d 2005 1853 1929cd

2.0% MBM+K 58.07 35.83 46.95e 10.59 19.87 15.23e 2264 1979 2121d

Mean for year 40.55b 33.40a – 9.12a 15.44b – 1504 1455 –

Phosphorus

0 1.06 1.10 1.08a 1.49 1.65 1.57ab 35 20 27a

Control NPK 2.22 1.63 1.92b 2.25 1.64 1.94d 138 111 124c

0.5% MBM+K 1.72 1.84 1.78b 1.37 1.47 1.42a 146 72 109b

1.0% MBM+K 1.65 2.12 1.88b 1.74 1.37 1.55ab 110 137 123c

1.5% MBM+K 1.85 1.87 1.86b 1.60 1.75 1.67bc 108 122 115c

2.0% MBM+K 1.51 1.86 1.68b 1.61 1.43 1.52ac 115 116 115c

Mean for year 1.67 1.74 – 1.67b 1.55a – 109b 96a –
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ers rates should be applied in the second growing 
season. It was assumed that MBM can act as slow 
releasing fertilizer for willow. High values of 
correlation coefficients (Figure 1) confirm opin-
ion expressed by Jeng and Vagstadt [2009] that 
application of MBM in too high rates can pos-
ses a potential biohazards. Harvesting of willow 
biomass after the first growing season stimulate 
branching what in the field conditions leads to 
canopy closing and limitation of weeds develop-
ment and reducing of nutrients losses from the 
soil. It was found that higher MBM rates resulted 
increase in the second season but the difference 
between treatments with 1.0 and 2.0% of MBM 
was not significant (Table 1). What was stated 

it was significant increase of nitrates in soil (by 
the factor of 3.8) (Figure 1). It can be explained 
by the fact that mineralization process of MBM 
takes a long time what was reported by Spychaj-
Fabisiak et al. [2007] and Nogalska [2013]. Jeng 
et al. [2004, 2006] found that in the first year as 
much as 80% of nitrogen from MBM is released 
what is in accordance with Mondini et al. [2008] 
report where is stated that the rate of MBM min-
eralization in the soil is fast and that this waste 
cannot be applied in high rates. Therefore proper 
i.e. balanced rates of MBM for perennial crops 
should be calculated.

The rate of 1.0% of MBM corresponded to 
5.0 g P (once for two years) whereas mineral fer-

Figure 1. Relationships between the quantity of applied N during the experiment 
and content of N-NO3/in soil (r = 0.72)

Figure 2. Relationships between the quantity of applied N during the experiment 
and content of Nmin in soil (r = 0.81)
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tilizers were applied at the rate of 3.0 g P pot-1 
(1.5 g P annually). Very high value of correla-
tion coefficient (r = 0.83) indicated positive re-
lation between MBM rate and content of avail-
able phosphorus in soil (Figure 3). However, an 
increase of MBM rate (from 1 to 2%) resulted 
only in 7% enhancement of amount of available 
phosphorus in soil what clearly indicate that this 
nutrient does not posses any threat to water envi-
ronment. It should be mentioned that phosphorus 
in MBM occurs in organic form (meat fraction) 
which is easily mineralized and as apatite (bone 
fraction) which is mobile only under low pH con-
ditions [Jeng et al. 2006, Ylivainio et al. 2008]. 
Some authors expressed opinion that phosphorus 
released in the first year can absorbed by plant 
root systems in the next growing seasons [Valen-
zuela et al. 2001, Jeng et al. 2006, Arvanitoyannis 
and Ladas 2008].

CONCLUSIONS 

From the results of performed studies it can be 
concluded that MBM applied to soil in increased 
rates affected biomass yield of willow. Obtained 
yields for treatments with MBM was three times 
higher comparing to unfertilized control. Higher 
rates of MBM applied to the soil showed higher 
yielding potential in the second season after ap-
plication than mineral fertilizers. Content of N 
and P in willow leaves and stems was related 
to MBM rate and season of the studies. Willow 

grown on medium with MBM generally showed 
lower concentration of studied nutrients than con-
trol (NPK). The significant reduction of nitrogen 
accumulation in biomass and significant increase 
for treatment with lowest and highest applied 
MBM rate (0.5 and 2.0%), respectively. Higher 
accumulation of phosphorus by willow was found 
in the first growing season only for treatment with 
the lowest MBM rate. The other studied MBM 
rates better supplied willow in phosphorus in the 
second season of the studies. High values of cor-
relation coefficients show that there is a relation 
between MBM rate and available P as well as 
mineral N content in the soil (especially in nitrate 
form). From our results it can be concluded that 
the rate of 1.0% MBM applied to the soil cannot 
be exceeded because of environmental hazards 
possessed by higher MBM rates. This report is 
based on the results obtained in two seasons’ pot 
experiment and results have to be confirmed un-
der open field conditions. 
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