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Abstract 
 
Maize (Zea mays L.) is important for supplying biomass to be used as substrate for biogas production either as energy 
crop or as crop residues. As energy crop for producing biomass, maize is recognized as being one of the most used 
crops. Maize as energy crop need a specific crop technology, with specific technological features among which there 
are counting the using of the suitable plant density and row spacing. From this perspective, the aim of the present paper 
is to present the results we have obtained regarding the biomass yield at several maize hybrids studied under different 
plant density and row spacing conditions. In this respect, four maize hybrids (H1, H2, Cera 400, and Cera 430) were 
studied at different plant densities (70,000; 80,000; 90,000; 100,000; 110,000; 120,000 and 125,000 plants.ha-1) and at 
two row spacing conditions (75 cm and 37.5 cm). Researches were performed in a field experiment in the year 2015, 
under rainfed conditions. The field experiment was located in South Romania, respectively at Fundulea, Calarasi 
County (44o28’ N latitude and 26o28’ E longitude). The biomass determinations were performed in the early dough - 
dough plant growth stages, with the purpose to calculate the yields of above-ground biomass (expressed in tons.ha-1) in 
the growth stages of the maize plants when the biomass could be used as raw material for biogas production, but also 
as fodder (silo) for animals. In our field experiment, increasing in plant density was associated with an increase of 
above-ground biomass yield up to a threshold beyond which the biomass yield is decreasing, this threshold being 
different according to row spacing. Smaller plant densities favoured the biomass yields at wide rows (row spacing of 
75 cm), while higher plant densities favoured the biomass yields at narrow rows (row spacing of 37.5 cm). The biomass 
yields registered higher values at row spacing of 37.5 cm than at row spacing of 75 cm. 
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INTRODUCTION 
 
Biomass is the most common form of 
renewable energy (McKendry, 2002), this 
being used as source of energy since ancient 
times. In a time when the human society has to 
rely more and more on renewable sources of 
energy, the importance of biomass became 
even greater. Within the agricultural systems, 
biomass could be used for energetic purposes 
either as crop residues or as energy crop.  
Among the energy crops, maize (Zea mays L.) 
has a great potential to produce biomass which 
could be used for different energy purposes 
(Ion et al., 2016). Thus, maize is considered to 
be very suitable for producing biomass that can 
be used as substrate for biogas production 
(Amon et al., 2006; Balodis et al., 2011; Băşa 

et al., 2013). It seems that the most efficient 
utilization of maize is supplying of green maize 
biomass directly to biogas plants for heat and 
power energy production (Dubrovskis et al., 
2010). 
Energy crops used for biogas production have 
to be easy to be cultivated and they have to be 
not too much demanding for inputs. Apart these 
characteristics, they should provide high dry 
matter yield and high methane output per area 
unit (Dubrovskis et al., 2010). From this 
respect, maize as a C4 plant has a high capacity 
to produce biomass and it is already the most 
used crop for biogas production in several 
countries. For instance, maize is the main crop 
grown for biogas production (biomass crop) in 
Germany (Brauer-Siebrecht et al., 2016) and 
maize is the most important energy crop grown 
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for co-digestion in Flanders (De Vliegher et al., 
2012).  
Energy crops are demanding appropriate 
cultivation technologies according to the 
growing conditions as high biomass yields to 
be possible to be obtained. Within the 
cultivation technologies, plant density and row 
spacing could contribute to the production of 
biomass in an efficient way (Ion et al., 2015). 
Biomass yield is significantly affected by 
different plant population densities (Abuzar et 
al., 2011). Plant densities can be increased to 
provide maximum dry matter production 
(Yilmaz et al., 2007). In this respect, planting 
density in maize has kept an upward trend for 
several decades, increasing at a rate of 
approximately 1000 plants ha-1.yr-1, and may 
continue to increase in the foreseeable future 
(Duvick, 2005).  
Increasing plant density is one of the ways of 
increasing the capture of solar radiation within 
the canopy (Moderras et al., 1998). However, 
the efficiency of the conversion of intercepted 
solar radiation into maize yield decreases with 
a high plant population density because of 
mutual shading of plants (Sharifi and Zadeh, 
2012). The increasing of plant density 
determines a decreasing of dry biomass of the 
maize plant (Ion et al., 2014). Despite the 
decreasing of dry biomass of the maize plant, 
the increasing of plant density is associated 
with an increase of the biomass yield (kg.ha-1) 
up to a certain level. When the plant density is 
too high, the maize plants compete with each 
other for available resources. That is why an 
increase in plant population density in excess is 
not expected to have an effect on biological 
yield (Van Averbeke and Marais, 1992). 
Anyway, the relationship between planting 
density and biomass increase is not linear, 
particularly at high densities (Dhugga, 2007). 
Plant densities which are lower than optimum 
values are leading to low yields and less 
efficient use of the resources available to 
plants.  
As maize do not have tillering capacity to 
adjust to variation in plant stand, optimum 
plant population is important (Azam et al., 
2007). Optimum population levels should be 
maintained to exploit maximum natural 
resources, such as nutrients, sunlight, soil 
moisture and to ensure satisfactory yield 

(Sharifi and Zadeh, 2012). But optimum plant 
density is affected by the genetic properties and 
vegetation time of the given hybrid, by the 
conditions of the production area, by the crop 
year and the extent of water and nutrient supply 
(Murányi, 2015). So, the optimum plant density 
is different according to environmental and 
technological conditions. 
Generally, maize is cultivated in wide spaced 
rows (Nik et al., 2011). But, maize produced in 
narrow rows can increase yields and result in a 
quicker canopy closure (Satterwhite et al., 
2006). Narrow rows provide advantages 
through earlier row closure (lessening erosion), 
better plant distribution (utilisation of nutrients) 
and higher yield (Reckleben, 2011). That is 
why narrow compared with standard row 
spacing had positive effects on whole-plant 
yield of one hybrid (Baron et al., 2006). 
Especially for energy maize production, where 
the energy must not strictly be contained in the 
cob, other row distances such as 55 cm, 50 cm, 
37.5 cm or even 25 cm are conceivable in order 
to achieve better utilisation of space and 
fertiliser (Reckleben, 2011). Also, twin-row 
planting systems in maize have been proposed 
as an alternative spatial arrangement that 
should theoretically decrease plant-to-plant 
competition, alleviate crop crowding stress and 
improve yields (Robles et al., 2012).  
As row spacing is narrowed seeding rate should 
be towards the higher end of what is 
recommended for the area; in this respect, 
researches have shown that higher yields can be 
achieved with higher seeding rates, but must 
have adequate water (Bean and Marsalis, 
2012). 
The aim of the present paper is to present the 
results we have obtained regarding the biomass 
yield at several maize hybrids studied under 
different plant density and row spacing 
conditions. 
 
MATERIALS AND METHODS 
 
Researches were performed is a field 
experiment located within the experimental 
field belonging to Procera Company from 
Fundulea area in South Romania (44o28’ N 
latitude and 26o28’ E longitude). The field 
experiment was under rainfed conditions, in the 
year 2015, and had three experimental factors, 

respectively: maize hybrid, with four variants 
(H1 and H2, which are hybrids specially 
designed for high plant densities; Cera 400 and 
Cera 430, which are hybrids designed for usual 
plant densities); row spacing (75 cm and 37.5 
cm); plant density, with the following variants: 
70,000; 80,000; 90,000; 100,000; 110,000 and 
120,000 plants.ha-1 for row spacing of 75 cm; 
80,000; 90,000; 100,000; 110,000; 120,000 and 
125,000 plants.ha-1 for row spacing of 37.5 cm. 
The field experiment was designed in split plots 
with 4 replications. 
The preceding crop was maize and the crop 
fertilization was performed with 83 kg.ha-1 of 
nitrogen (200 kg.ha-1 of complex fertilizer of 
type 10:20:0 + 300 kg.ha-1 of ammonium 
sulphate fertilizer with 21% of nitrogen as 
active substance) and 40 kg.ha-1 of 
phosphorous (from the 200 kg.ha-1 of complex 
fertilizer of type 10:20:0). The fertilizers were 
applied before seedbed preparation. The 
sowing was performed on 15th of April 2015. 
The weed control was realised by the help of 
herbicide Frontier Forte (720 g.l-1 of 
dimetenamid-P), which was applied in a rate of 
1 l.ha-1 in pre-emergence (before emergence).  
The soil from Fundulea area is of chernozem 
type and it has a humus content of 2.8-3.2%, 
texture of type loam to clay loam, and pH of 
6.4-6.8. The climatic conditions registered in 
the studied area in 2015, for the period April-
August, are the following: 19.9oC the average 
temperature, while 18.6oC is the multiannual 
average; 260 mm sum of rainfall, while 327.9 
mm is the multiannual average rainfall for the 
analysed period. The year 2015 is characterised 
as being warmer and drier (even drought) than 
normal years for the studying area. 
The biomass determinations were performed in 
the early dough - dough plant growth stages, 
this being the moment when the maize biomass 
can be used as substrate for biogas production, 
but also as fodder (silo) for animals. For this 
purpose, the maize plants from one square 
meter were cut at soil level. The plant samples 
were weighed immediately in the field, as the 
fresh biomass to be calculated. From each 
sample, one average maize plant was weighed 
separately, and then it was cut into pieces and 
taken into the laboratory where it was dried in 
the oven for 24 hours at 80oC, as the dry 

biomass content to be determined and the dry 
biomass yield to be calculated. The fresh and 
dry biomass yields are presented in the present 
paper as average values for the four studied 
maize hybrids, they represent the above-ground 
biomass, and they are expressed in tons per 
hectare.  
 
RESULTS AND DISCUSSIONS 
 
It is known and it is expected that the 
increasing of plant density determines a 
decreasing of dry biomass of the maize plant 
(Ion et al., 2014). However, the increasing of 
plant density in our field experiment was 
associated with an increase of fresh and dry 
biomass yield (Figures 1 and 2).  
The increase of fresh and dry biomass yield is 
happening up to a threshold beyond which the 
biomass yield is decreasing. It has to be 
highlighted that the increasing of biomass yield 
with the increasing of plant density takes place 
for both row spacing, respectively 75 cm and 
37.5 cm between rows. But, the threshold plant 
density is different according to row spacing, 
being of 100,000 plants.ha-1 for row spacing of 
75 cm and of 120,000 plants.ha-1 for row 
spacing of 37.5 cm.  
Regarding the highest values of the fresh 
biomass yield, the highest fresh biomass yield 
for row spacing of 75 cm was of 30.7 tons.ha-1 
at plant density of 100,000 plants.ha-1, while 
for row spacing of 37.5 cm the highest fresh 
biomass yield was of 32.5 tons.ha-1 at plant 
density of 120,000 plants.ha-1 (Figure 1). 
Regarding the highest values of the dry 
biomass yield, it was registered the same 
situation as in the case of fresh biomass, 
respectively the highest dry biomass yield for 
row spacing of 75 cm was of 14.7 tons.ha-1 at 
plant density of 100,000 plants.ha-1, while for 
row spacing of 37.5 cm the highest dry biomass 
yield was of 15.3 tons.ha-1 at plant density of 
120,000 plants.ha-1 (Figure 2). 
The smaller plant densities (70,000; 80,000, 
and 90,000 plants.ha-1) favoured the biomass 
yields at row spacing of 75 cm, while higher 
plant densities (over 100,000 plants.ha-1) 
favoured the biomass yields at row spacing of 
37.5 cm. 
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al., 2011). Plant densities can be increased to 
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continue to increase in the foreseeable future 
(Duvick, 2005).  
Increasing plant density is one of the ways of 
increasing the capture of solar radiation within 
the canopy (Moderras et al., 1998). However, 
the efficiency of the conversion of intercepted 
solar radiation into maize yield decreases with 
a high plant population density because of 
mutual shading of plants (Sharifi and Zadeh, 
2012). The increasing of plant density 
determines a decreasing of dry biomass of the 
maize plant (Ion et al., 2014). Despite the 
decreasing of dry biomass of the maize plant, 
the increasing of plant density is associated 
with an increase of the biomass yield (kg.ha-1) 
up to a certain level. When the plant density is 
too high, the maize plants compete with each 
other for available resources. That is why an 
increase in plant population density in excess is 
not expected to have an effect on biological 
yield (Van Averbeke and Marais, 1992). 
Anyway, the relationship between planting 
density and biomass increase is not linear, 
particularly at high densities (Dhugga, 2007). 
Plant densities which are lower than optimum 
values are leading to low yields and less 
efficient use of the resources available to 
plants.  
As maize do not have tillering capacity to 
adjust to variation in plant stand, optimum 
plant population is important (Azam et al., 
2007). Optimum population levels should be 
maintained to exploit maximum natural 
resources, such as nutrients, sunlight, soil 
moisture and to ensure satisfactory yield 

(Sharifi and Zadeh, 2012). But optimum plant 
density is affected by the genetic properties and 
vegetation time of the given hybrid, by the 
conditions of the production area, by the crop 
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(Murányi, 2015). So, the optimum plant density 
is different according to environmental and 
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rows (Nik et al., 2011). But, maize produced in 
narrow rows can increase yields and result in a 
quicker canopy closure (Satterwhite et al., 
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through earlier row closure (lessening erosion), 
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and higher yield (Reckleben, 2011). That is 
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spacing had positive effects on whole-plant 
yield of one hybrid (Baron et al., 2006). 
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the energy must not strictly be contained in the 
cob, other row distances such as 55 cm, 50 cm, 
37.5 cm or even 25 cm are conceivable in order 
to achieve better utilisation of space and 
fertiliser (Reckleben, 2011). Also, twin-row 
planting systems in maize have been proposed 
as an alternative spatial arrangement that 
should theoretically decrease plant-to-plant 
competition, alleviate crop crowding stress and 
improve yields (Robles et al., 2012).  
As row spacing is narrowed seeding rate should 
be towards the higher end of what is 
recommended for the area; in this respect, 
researches have shown that higher yields can be 
achieved with higher seeding rates, but must 
have adequate water (Bean and Marsalis, 
2012). 
The aim of the present paper is to present the 
results we have obtained regarding the biomass 
yield at several maize hybrids studied under 
different plant density and row spacing 
conditions. 
 
MATERIALS AND METHODS 
 
Researches were performed is a field 
experiment located within the experimental 
field belonging to Procera Company from 
Fundulea area in South Romania (44o28’ N 
latitude and 26o28’ E longitude). The field 
experiment was under rainfed conditions, in the 
year 2015, and had three experimental factors, 

respectively: maize hybrid, with four variants 
(H1 and H2, which are hybrids specially 
designed for high plant densities; Cera 400 and 
Cera 430, which are hybrids designed for usual 
plant densities); row spacing (75 cm and 37.5 
cm); plant density, with the following variants: 
70,000; 80,000; 90,000; 100,000; 110,000 and 
120,000 plants.ha-1 for row spacing of 75 cm; 
80,000; 90,000; 100,000; 110,000; 120,000 and 
125,000 plants.ha-1 for row spacing of 37.5 cm. 
The field experiment was designed in split plots 
with 4 replications. 
The preceding crop was maize and the crop 
fertilization was performed with 83 kg.ha-1 of 
nitrogen (200 kg.ha-1 of complex fertilizer of 
type 10:20:0 + 300 kg.ha-1 of ammonium 
sulphate fertilizer with 21% of nitrogen as 
active substance) and 40 kg.ha-1 of 
phosphorous (from the 200 kg.ha-1 of complex 
fertilizer of type 10:20:0). The fertilizers were 
applied before seedbed preparation. The 
sowing was performed on 15th of April 2015. 
The weed control was realised by the help of 
herbicide Frontier Forte (720 g.l-1 of 
dimetenamid-P), which was applied in a rate of 
1 l.ha-1 in pre-emergence (before emergence).  
The soil from Fundulea area is of chernozem 
type and it has a humus content of 2.8-3.2%, 
texture of type loam to clay loam, and pH of 
6.4-6.8. The climatic conditions registered in 
the studied area in 2015, for the period April-
August, are the following: 19.9oC the average 
temperature, while 18.6oC is the multiannual 
average; 260 mm sum of rainfall, while 327.9 
mm is the multiannual average rainfall for the 
analysed period. The year 2015 is characterised 
as being warmer and drier (even drought) than 
normal years for the studying area. 
The biomass determinations were performed in 
the early dough - dough plant growth stages, 
this being the moment when the maize biomass 
can be used as substrate for biogas production, 
but also as fodder (silo) for animals. For this 
purpose, the maize plants from one square 
meter were cut at soil level. The plant samples 
were weighed immediately in the field, as the 
fresh biomass to be calculated. From each 
sample, one average maize plant was weighed 
separately, and then it was cut into pieces and 
taken into the laboratory where it was dried in 
the oven for 24 hours at 80oC, as the dry 

biomass content to be determined and the dry 
biomass yield to be calculated. The fresh and 
dry biomass yields are presented in the present 
paper as average values for the four studied 
maize hybrids, they represent the above-ground 
biomass, and they are expressed in tons per 
hectare.  
 
RESULTS AND DISCUSSIONS 
 
It is known and it is expected that the 
increasing of plant density determines a 
decreasing of dry biomass of the maize plant 
(Ion et al., 2014). However, the increasing of 
plant density in our field experiment was 
associated with an increase of fresh and dry 
biomass yield (Figures 1 and 2).  
The increase of fresh and dry biomass yield is 
happening up to a threshold beyond which the 
biomass yield is decreasing. It has to be 
highlighted that the increasing of biomass yield 
with the increasing of plant density takes place 
for both row spacing, respectively 75 cm and 
37.5 cm between rows. But, the threshold plant 
density is different according to row spacing, 
being of 100,000 plants.ha-1 for row spacing of 
75 cm and of 120,000 plants.ha-1 for row 
spacing of 37.5 cm.  
Regarding the highest values of the fresh 
biomass yield, the highest fresh biomass yield 
for row spacing of 75 cm was of 30.7 tons.ha-1 
at plant density of 100,000 plants.ha-1, while 
for row spacing of 37.5 cm the highest fresh 
biomass yield was of 32.5 tons.ha-1 at plant 
density of 120,000 plants.ha-1 (Figure 1). 
Regarding the highest values of the dry 
biomass yield, it was registered the same 
situation as in the case of fresh biomass, 
respectively the highest dry biomass yield for 
row spacing of 75 cm was of 14.7 tons.ha-1 at 
plant density of 100,000 plants.ha-1, while for 
row spacing of 37.5 cm the highest dry biomass 
yield was of 15.3 tons.ha-1 at plant density of 
120,000 plants.ha-1 (Figure 2). 
The smaller plant densities (70,000; 80,000, 
and 90,000 plants.ha-1) favoured the biomass 
yields at row spacing of 75 cm, while higher 
plant densities (over 100,000 plants.ha-1) 
favoured the biomass yields at row spacing of 
37.5 cm. 
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Figure 1. Fresh biomass yields at maize under different row spacing and plant density conditions 
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Figure 2. Dry biomass yields at maize under different row spacing and plant density conditions 

 
The fresh and dry biomass yields registered 
higher values at row spacing of 37.5 cm than 
those registered at row spacing of 75 cm 
(Figure 3). 
Thus, the average fresh biomass yield 
registered at row spacing of 37.5 cm was of 
30.67 tons.ha-1, while that registered at row 
spacing of 75 cm was of 28.43 tons.ha-1.  
The average dry biomass yield registered at 
row spacing of 37.5 cm was of 14.23 tons.ha-1, 
while at row spacing of 75 cm the average dry 
biomass yield was of 14.07 tons.ha-1.  
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Figure 3. Average fresh and dry biomass yield at maize 

under different row spacing 

CONCLUSIONS 
 
In our field experiment, increasing in plant 
density was associated with an increase of 
above-ground biomass yield up to a threshold 
beyond which the biomass yield is decreasing. 
This threshold was different according to row 
spacing. Thus, for the studied conditions, the 
threshold in plant density was of 100,000 
plants.ha-1 for row spacing of 75 cm and 
120,000 plants.ha-1 for row spacing of 37.5 cm. 
The smaller plant densities (up to 
100,000 plants.ha-1) favoured the biomass 
yields at row spacing of 75 cm, while higher 
plant densities (over 100,000 plants.ha-1) 
favoured the biomass yields at row spacing of 
37.5 cm. The biomass yields registered higher 
values at narrow rows (row spacing of 37.5 cm) 
than at wide rows (row spacing of 75 cm). 
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Figure 1. Fresh biomass yields at maize under different row spacing and plant density conditions 
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Figure 2. Dry biomass yields at maize under different row spacing and plant density conditions 

 
The fresh and dry biomass yields registered 
higher values at row spacing of 37.5 cm than 
those registered at row spacing of 75 cm 
(Figure 3). 
Thus, the average fresh biomass yield 
registered at row spacing of 37.5 cm was of 
30.67 tons.ha-1, while that registered at row 
spacing of 75 cm was of 28.43 tons.ha-1.  
The average dry biomass yield registered at 
row spacing of 37.5 cm was of 14.23 tons.ha-1, 
while at row spacing of 75 cm the average dry 
biomass yield was of 14.07 tons.ha-1.  
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Figure 3. Average fresh and dry biomass yield at maize 

under different row spacing 

CONCLUSIONS 
 
In our field experiment, increasing in plant 
density was associated with an increase of 
above-ground biomass yield up to a threshold 
beyond which the biomass yield is decreasing. 
This threshold was different according to row 
spacing. Thus, for the studied conditions, the 
threshold in plant density was of 100,000 
plants.ha-1 for row spacing of 75 cm and 
120,000 plants.ha-1 for row spacing of 37.5 cm. 
The smaller plant densities (up to 
100,000 plants.ha-1) favoured the biomass 
yields at row spacing of 75 cm, while higher 
plant densities (over 100,000 plants.ha-1) 
favoured the biomass yields at row spacing of 
37.5 cm. The biomass yields registered higher 
values at narrow rows (row spacing of 37.5 cm) 
than at wide rows (row spacing of 75 cm). 
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Abstract   
 
The trypsin inhibitor from common flax seeds (Linum usitatissimum trypsin inhibitor, abbreviate LUTI) is a member of 
the potato inhibitor I family. This was isolated and purified by ethanol fractionation, ion exchange chromatography and 
affinity chromatography. To determine the molecular mass of protease inhibitor we utilized gel electrophoresis in 
denatured conditions (SDS-PAGE). LUTI is the first serine protease-type inhibitor isolated from a plant of Linaceae 
family, and has a molecular mass 7000D. 
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INTRODUCTION 
 
Protease inhibitors have a particular role in 
control and regulation of protease activity-
enzymes participating in metabolic processes in 
organisms.  
Proteases are proteolytic enzymes that catalyse 
the hydrolytic cleavage of specific peptide 
bonds in target proteins, thus being 
indispensable to the maintenance and survival 
of their host organism. Proteases are mostly 
classified according to the main catalytic amino 
acid residue in their active site in several 
groups, such as: serine proteases, cysteine 
proteases, aspartic proteases and 
metalloproteases, the latter having a metallic 
ion in their active site (Habib H., Fazili K.M., 
2007; Pouvreau L., 2004).  
The serine proteases are by far the largest class, 
comprising about 1/3 of the total proteases, 
being recognized as important factors in the 
control of multiple pathways associated with 
coagulation, fibrinolysis, connective tissue 
turnover, homeostasis, fertilization, 
complement activation and inflammatory 
reactions. 
Progress accomplished in knowledge at 
molecular level of intra- and extra-cell 
interactions have led to the validation of 

proteases as therapeutically targets due to their 
role in major diseases, evolution having 
different biological functions in human 
organism (Lorenc et al., 2001). This is the 
reason for the continuous development of using 
proteases inhibitors in medicine and 
biotechnology. 
Until recent times, the action of proteases was 
believed to be restricted to digestive purposes, 
extracellular modeling and/or remodeling of 
tissues, mainly through proteolytic activity on 
interstitial molecules, occurring throughout 
homeostasis and development or, in aberrant 
maladaptive circumstances, during disease 
pathogenesis.  
This view has clearly become untenable as 
proteases are clearly involved in a myriad of 
homeostatic as well as pathological processes. 
Similarly, several novel physiological functions 
have been attributed to endogenous 
antiproteases including antimicrobial and 
immunomodulatory activities (Manoury et al., 
2011).  
Plant protease inhibitors continue to catch the 
attention of researchers because of their 
increasing use in medicine and biotechnology. 
They were classified into families according to 
Laskowski on the basis of their primary 
structure, topology, of disulfide bridges, and 


