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ABSTRACT: Arundo donax L. has been recognized as a promising energy crop for biomass production. Nitrogen is 
the primary macronutrient with the highest effect on plant production. Different studies have shown that N granular 
fertilizers slightly increase the biomass yield of giant reed. The aim of this work is to evaluate the effect of N 
fertilization applied in fertigation on the yield of Arundo donax grown in Central Spain. The experiment was carried 
out in field. The fertigation treatment was applied in June and July 2015. Three levels of N were established N0 (0 
kgN.ha-1), N1 (60 kgN.ha-1); and N2 (120 kgN.ha-1) applied 50% June, 50% July. The effect of fertigation on  plant 
traits and biomass production was evaluated. The plant height was determined in both June and October as well as the 
chlorophyll content. In October the basal diameter was also measured. Biomass production was evaluated at harvest 
time. Results showed higher values in plant height and weight in N1 and N2 in relation to control plants. Higher 
chlorophyll content and higher basal diameter were found in plants treated with N2. In the assay conditions, nitrogen 
applied in fertigation had a positive effect on Arundo growth.  Keywords: arundo donax, production, fertilization, 
perennial energy crops 
 
 

1 INTRODUCTION 
 

The perennial grass Arundo donax L. (giant reed), a 
rhizomatous grass originated from the Mediterranean-
western Eurasia [1, 2], has been recognized in the last 
decades as a promising energy crop for biomass 
production in the Mediterranean region. Studies have 
been undertaken for this purpose in order to identify the 
optimal conditions for its cultivation in different 
countries of the Mediterranean basin [3-10].  

According to Zegada et al. [11] energy crops should 
be fast growing plants with low input requirements in 
order to minimize costs and improving production. In 
these terms, Arundo is considered a good candidate due 
to its fast grow, low soil requirements, lack of pesticide 
requirement and low nitrogen need [11-13]. 

It is well known that nitrogen is the primary 
macronutrient with the highest effect on plant production.  
An adequate dose of nitrogen allows the plant to 
synthetize higher quantity of chlorophyll and improves 
yields in biomass [14]. The effect of granular N fertilizers 
on the biomass production of Arundo has been studied by 
several authors [3, 4, 15-18]. In general terms, it has been 
shown that granular fertilizers produce a slight increase 
in the biomass yield of giant reed with increasing 
fertilizer doses. A six-year field experiment carried out 
by Angelini et al. [3] concluded  that this crop can be 
grown as an energy crop in the Mediterranean area of 
Europe giving high energy yields of with minimum 
energy input. Other authors [4, 18] showed that, from the 
economic point of view, it is not worth increasing the 
dose of nitrogen for slight increases in biomass 
production. Also in recent works, some authors [19] have 
suggested to restrain the inorganic fertilizers input in 
order to keep crop sustainability and reduce nitrogen 
lixiviation. 

In the last decades, drip irrigation has been extended 
in agriculture in order to maintain water resources and 
improve water use efficiency [18]. This irrigation system 
has allowed the use of fertigation systems in order to 
increase nutrient uptake by plants and reduce losses by 
leaching.  

The aim this work was to evaluate the effect of 
nitrogen fertilization applied in fertigation on the yield of 
Arundo donax grown in Central Spain.  

2  MATERIAL AND METHODS 
 
2.1 Location 

The experiment was carried out in experimental plots 
(100m2) located in Alcalá de Henares (Madrid, Spain) 
(Fig.1) at latitude 40º31’12” N, longitude 3º18’13” W, 
altitude 603 m.  

 
 

Fig.1: Location of the experimental plots. 
 
Soils in this area are generally Alfisols and Entisols 

(USDA soil taxonomy) and present a wide range of 
textures. The climate is Xeric Mediterranean, sub-type 
Mild Meso-Mediterranean [20]. Climate data were 
recorded at the meteorological station of Alcala de 
Henares (El Encin). 
 
2.2 Crop establishment and fertigation experiment  

The crop was established in autumn 2013 from 
micropropagated plants set at 1m between rows by 0.75m 
separation within plants. Just after planting, a drip 
irrigation system was established with one drip line per 
row, emitters every 33 cm and 2.2 L/h water flow per 
emitter. Non-limiting hydric conditions were maintained 
throughout the growth cycle by drip irrigation. Irrigation 
was applied from April to October; in all, 12000 m3/ha/y 
were distributed. 

Fertigation was carried out in June-July 2015 after 
two growing cycles of the Arundo crop. Three levels of 
nitrogen (N) were studied: N0 (0 kgN.ha-1), N1 (60 kg 
N.ha-1); and N2 (120 kg N.ha-1 applied at two dates, 50% 
June, 50% July). Phosphorus and potassium were equally 
applied to N1 and N2 (60 kg P.ha-1, 60 kg K.ha-1) in 
fertigation.  
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2.3 Measurements 
The effect of fertigation was studied in terms of plant 

traits and biomass production. The plant height was 
determined in both June and October as well as the 
chlorophyll content, using a portable SPAD
Chlorophyll content was determine
completely developed leaf (starting from the top). 
October the basal diameter was also measured. Biomass 
production was evaluated at harvest time (February 
2016). 

In February 2016, the total fresh weight, height, 
diameter and number of stalks were evaluated 
least 50 plants per treatment.  Dry matter content
determined in a biomass subsample per row
were extrapolated for each treatment.  
 
2.4 Soil samples 

Soil samples were collected from the 
(0–30 cm depth), air dried and sieved (<2 mm) prior to 
analysis. The soil properties were determined according 
to the Spanish official methodology for soil analysis
pH and electrical conductivity (EC) were measured in a 
1:2.5 ratio (soil:water) using a pH
conductimeter; organic matter and total nitrogen contents 
were determined using the Walkley–Black and Kjeldahl 
methods, respectively; carbonates were 
a calcimeter; the available phosphorus was evaluated 
sodium bicarbonate (pH 8.5) extract and determined in a 
UV visible spectrophotometer(650nm)
nutrients (Ca, Mg, Na, K) were extracted with 0.1 N 
NH4Ac (pH=7) and determined by 
absorption spectrometry (FAAS) (AA240FS, Varian, 
Victoria, Australia). Soil texture was determined
Bouyoucos densymeter. 
 
2.5 Statistical analysis 

Data were statistically analyzed using IBM SPSS 21
software. Normality was tested with Kolmogrov Sminorv 
test. Only the variable “number of stalks
and was analyzed using ANOVA test. In case of
normality the Kruskal Wallis test was chosen.
 
 
3 RESULTS 
 
3.1 Climate conditions 

Results of temperature and rainfall from crop 
establishment to harvest are shown in Fig 
shows the typical Mediterranean Climate

 

 

Figure 2: Rainfall and temperature values in “El Encin” 
during crop growing period. 

 

The effect of fertigation was studied in terms of plant 
traits and biomass production. The plant height was 
determined in both June and October as well as the 

using a portable SPAD-502. 
determined in the first 
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October the basal diameter was also measured. Biomass 
production was evaluated at harvest time (February 

otal fresh weight, height, 
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matter content was 
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Results of temperature and rainfall from crop 
establishment to harvest are shown in Fig 2. The graph 
shows the typical Mediterranean Climate 

 

Rainfall and temperature values in “El Encin” 

3.2 Soil characteristics 
Results of soil properties are shown in the Table

According to the texture results, 
categorized as clay loam.  
 

Table I: Soil properties 
 
Soil properties 
pH 8.1±0.1
EC (dS/m) 0.2±0.07
OM % 1.
Carbonates 1
N (%) 0.08±0
P (mg/kg) 12
Ca (mg/kg) 1897±246
Mg (mg/kg) 370±117
Na (mg/kg) 
K (mg/kg) 141±33
Clay (%) 36
Silt (%) 29
Sand (%) 34
 
3.3 Chlorophyll 

Chlorophyll SPAD values decrease
between values taken in July and October, being this 
difference higher in 0 kgN/ha (Fig. 3). Higher values 
were obtained in 120kg. Higher chlorophyll content was 
recorded for N2 although no statistical significance at 
0.05 was found between treatments
within months it is shown in the 
 

 

Figure 3: Mean SPAD values of
leaf.  
 
3.4 Diameter  

Arundo plants diameter increase
progressed, being higher in February 
October 2015 in all treatmens (Fig.4). 
between N dose and stalk diamete
Statistical difference was found
higher the N dose, the thicker the 
 
 
 

esults of soil properties are shown in the Table I. 
results, the soil can be 

 

8.1±0.1 
0.2±0.07 
.17±0.13 
1.1±0.5 
08±0.004 

12.75±2.25 
1897±246 
370±117 

61±26 
141±33 

36.1±3.1 
29.4±4.4 
34.5±1.9 

Chlorophyll SPAD values decreased in all treatments 
between values taken in July and October, being this 

a (Fig. 3). Higher values 
in 120kg. Higher chlorophyll content was 

recorded for N2 although no statistical significance at 
een treatments. Lower difference 

within months it is shown in the N1 plants. 

 

of the first well-developed 

increased as the growth cycle 
, being higher in February 2016 than in 

all treatmens (Fig.4). A relationship 
diameter could be noticed. 

was found between groups. The 
the diameter.  

24th European Biomass Conference and Exhibition, 6-9 June 2016, Amsterdam, The Netherlands

336



 

Fig. 4: Stem diametre of Arundo donax

 
3.5 Height  

A considerable plant growth in height was observed 
between July and October. From October to February 
Arundo plants remained in  vegetative period (Fig.5). The 
highest growth was obtained with the dose of 120 
KgN/ha. No significant differences at level 0.05 were 
found between  60KgN/ha and 120 KgN/ha dose in July. 
In October, the differences between treatments were 
significative.  

 

 

Fig.5. Arundo plants heigh in the different treatments.
 

3.6 Number of stalks per plant 
Higher number of stalks was observed in the 60

KgN/ha treatment (Fig. 6). No statistical difference 
found between treatments. 

 

 

 

Fig. 6 Number of stalks per plant 
treatments. 
 
3.7 Aboveground biomass production 

Results of biomass production are show
Nitrogen fertigation had an important effect on biomass 
production; yields increased in comparison with
control treatment. Howewer, no significant differences 
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Figure 7: Biomass production 
subjected to different fertigation treatments. 

 
 
4. DISCUSSION 
 

For most studied variables, 
differences between the 60 kg
treatments, which suggests that, in the yield response 
curve, the former treatment was close to the asymptotic 
value. In other words, the optimal production 
experiment conditions might have been reached with the 
N1 dose. The N2 dose would represent an 
fertilization and the exceeding amount w
with the consequent risk for groundwater pollution. 
Cosentino et al [12], using granular fertilizers and the 
same nitrogen quantity, found
between the treatments of 60 and 120 kg N
year of application, obtaining higher biomass production
for 120 kg N/ha but in the following years, 
differences were found. 

 Our data agree with those obtained by Fangano
[16], in relation to the lack of difference within 
doses during the first year. These authors observed that 
the differences increased in next harvests. 

Nazli et al. [17] also conclude
dose is significantly different 
experiment, 50 and 100 kg N/ha), but between these two 
doses no significant differences
production, height or stem diameter. 
obtained by Kering et al. [13], using 
kg N/ha.  

Number of stalks per plant 
N/ha treatment and there were no differences between 
control (no N fertilizer) and the N
Comparing the results of number of s
production (dry weight) it could be 
no relationship between these parameters
would mean that the number of s
be a good indicator of the yield. 

Nassi o di Nasso et al. [22] 
percentages of nutrient stocks were remobilized from 
rhizome to the aboveground biomass over the spring, 
with the opposite flow occurring in the autumn period. 
This could explain that part of the 
(120 kg N/ha) was accumulated
by the plant in the next year.  
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5. CONCLUSIONS 
 

Within the limits of the experimental conditions, it 
can be concluded that N applied in fertigation has a 
positive effect on Arundo growth and that the optimal N 
dose seems to be 60 kg N/ha in order to maintain crop 
sustainability. Trends observed in this work will be 
evaluated and compared to results of the next growing 
cycle of the crop.  
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