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Abstract: The paper presents the results of 
research made in 2007 year at the Biobasis within 
USAMV-Bucharest Campus regarding 
morphological and biological characteristics, 
chemical composition and yield quality of 
Amaranthus hypochodriacus species. It worked 
with 5 different cultivars, coming from the world 
collection: Manna de Montana, Rio san Lorentzo, 
Nepal, Guarijio and New-Mexico. The duration of 
the vegetation period was of 130-147 days, the late 
cultivar was Manna de Montana, with a vegetation 
period of 147 days, and most early proved to the 
Rio San Lorentzo cultivar with 135 days of 
vegetation. The height of Amaranthus 
hypochodriacus plants varied between 132.8 cm for 
New-Mexico cultivar and 75.3 cm for Nepal 
cultivar. The productivity of Amaranthus 
hypochondriacus cultivars was illustrated by 
grains yields of 11.1-25.3 q/ha, data which mirror 
an important adjustment capacity to the cropping 
condition in the area and resistance to drought and 
high temperatures. The chemical composition of 
grains was following: 16.95% proteins; 62.02% 
starch; 5.56% lipids; 4.68%  fibres and 3.67% ash. 

Rezumat: Lucrarea prezintă rezultatele 
cercetărilor efectuate în anul 2007, în Biobaza din 
campusul USAMV Bucureşti, referitor la 
caracteristicile morfologice, biologice şi de 
calitatea recoltei la specia Amaranthus 
hypochondriacus. S-a lucrat cu 5 soiuri provenite 
din colectia mondială: Manna de Montana, Rio san 
Lorentzo, Nepal, Guarijio şi New-Mexico. 
Perioada de vegetaţie a fost cuprinsă între 130 şi 
147  zile, cel mai târziu soi a fost Manna de 
Montana cu 147 zile de vegetaţie şi cel mai precoce 
s-a dovedit a fi Rio san Lorentzo cu o perioadă de 
135 zile de vegetaţie. Înălţimea plantelor speciei 
Amarathus hypochondriacus a variat între 132,8 
cm la soiul New-Mexico şi 75,3 cm la soiul Nepal. 
Productivitatea speciei Amaranthus 
hypochondriacus a fost ilustrată prin producţii de 
seminţe de 11,1-25,3 q/ha, date ce reflectă o mare 
capacitate de adaptare şi rezistenţă la cultivarea în 
condiţii de secetă şi temperaturi ridicate. 
Compoziţia chimică a seminţelor a fost 
următoarea: proteine 16,95%, amidon 62,02%, 
lipide 5,56%, celuloză 4,68%, cenuşă 3,67%. 

 
Key words: Amaranthus hypochondriacus, morphology, biology, cultivars, chemical composition.  
Cuvinte cheie: Amaranhtus hypochondriacus, morfologie, biologie, soiuri, compoziţie chimică. 
 

INTRODUCTION 
Amaranthus species has a long, distinguished history as a religious and ceremonial 

plant and as a food. In fact, its use as an ornamental bloom is a relatively recent development. 
A native of South America, amananthus' name is derived from the Greek amarantos, which 
means "unfading" and is an appropriate reference to the flower's long-lasting deep red, green or 
yellow blooms. Amaranthus hypochondriacus sinonim with Prince-of-Wales-feather or 
Prince's feather is widely cultivated as pseudocereal, ornamental, and fodder crops in many 
tropical to warm-temperate regions of the world. Occasionally, A. hypochondriacus occurs as 



Research Journal of Agricultural Science, 41 (1), 2009 

 55 

escapes near the places of cultivation; there are no reliable reports of its successful 
naturalization in the flora area. The wild progenitor of Amaranthus hypochondriacus seems to 
be A. powellii (J. D. SAUER 1967); hybridization with other cultivated taxa (e.g., A. cruentus) 
probably also played some role. The initial cultivated form probably emerged in southwestern 
North America, within the original range of native A. powellii (J. D. SAUER, 1967). The grains 
are high in lysine and the young leaves are high in iron and calcium. Can be planted after the 
frost date, requires full sun. The grains can be cooked as a hot cereal or ground and used as 
flour. 

 
MATERIAL AND METHOD 
The experiments with Amaranthus hypochondriacus species were made in the 

Biobasis within USAMV-Bucuresti Campus, in Didactical Field of Field Crops Department, 
Faculty of Agriculture Bucharest. The studied cultivars were: Manna de Montana, Rio san 
Lorentzo, Nepal, Guarijio and New-Mexico belonging of world collection.  

Chemical analysis has been done in the Yield Quality Laboratory of Field Crops 
Department from the Faculty of Agriculture, with infrared spectrophotometer NIR Instalab 600 
which was callibrated of Metron Novi Sad Laboratory. There were performed following 
chemical analysis: moisture, dry matter content, proteins, starch, lipids, ash and fibre.  

 
RESULTS AND DISCUSSIONS 
The duration of the vegetation period was of 130-147 days, the late cultivar was 

Manna de Montana, with a vegetation period of 147 days, and most early proved to be the Rio 
San Lorentzo cultivar with 135 days of vegetation (table 1). Also, the New Mexico cultivars 
had a longer growing season, about 140 days, but emergence was fastest, after 15 days from 
sowing.  

Table 1 
Phenology date of Amaranthus hypochondriacus cultivars (USAMVB Experiment Field, 2007) 
Cultivars 

 
Sowing 

data 
Emergence 

data 

Number of 
sowing/emer-

gence days 
Harvesting data 

Number of 
emergence /maturity 

days 
Manna de Montana April 17 May 8 21 October 3 147 

Guarijio April 17 May 4 17 October 2 136 
Rio san Lorentzo April 17 May 7 19 September 18 135 

Nepal April 17 May 4 17 September 19 137 
New-Mexico April 17 May 2 15 September 18 140 

Morphological determination for Amaranths hypochondriacus cultivars emphasized 
the following morphological traits: height of 75.3-132.8 cm; the stalk formed 7-10 knots, 12-42 
leaves and a main inflorescence with the length comprised between 27.08-37.7 cm (table 2). 
The values of grains yields per plants oscillated from 11.8 to 25.8 g and TGW had an average 
of 1.08 g (table 3). 

Even if the temperatures of 2007 year were very high, it resulted good values of grains 
yields with an average of 18.4 q/ha, being distingushed New-Mexico (25.3 q/ha) and Rio san 
Lorentzo (23.4 q/ha). The Manna de Montana cultivar had intermediary yield of 20.0 q/ha 
(figure 1). 

The chemical composition of grains was as follows: 16.95% proteins; 62.02% starch; 
5.56% lipids; 4.68% fibres and 3.67% ash (table 4). Research emphasized the important 
influence of experimental year weather conditions on grains chemical composition. In this way, 
in 2007, an extremely droughty year, with high temperatures, Amaranthus hypochondriacus 
grains accumulated more protein (15.83-17.83%) in comparison with cereals grains (12-14%) 
and lipids (4.92-6.49%) in comparison with cereals (1.5-4.8%). 
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Figure 1. Grains yields of Amaranthus hypochondriacus cultivars 

(USAMVB Experimental Field, 2007) 
Table 2 

Morphological characteristics of different  Amaranthus hypochondriacus cultivars  
 (USAMVB Experimental Field, 2007) 

Morphological 
characteristics of 

plants 

Manna de 
Montana Guarijio Rio san Lorentzo Nepal New-Mexico 

Plants height (cm) 126.5 82.2 88.7 75.3 132.8 

Stems colors Green reddish Red with green 
shadows Green yellowish Purple red Green yellowish 

Number of 
leaves/main stem 37 18 42 12 23 

Leaves colors Light green Green with dark 
reddish ribs 

Green with light 
reddish shades Dark reddish Dark green 

Inflorescences 
length  (cm) 27.08 28.5 37.7 26.7 40.1 

Inflorescences color 
and form 

Bright green; 
Straight 

inflorescence, 
compacted 

Dark red with 
purple shades, 

branched 
inflorescence 

Red-purple with 
light green shades or 

yellow; straight 
inflorescence, 

compacted 

Dark red to 
garnet; lax 

inflorescence 

Green 
yellowish; 

straight 
inflorescence, 

compacted 
Table 3 

Grains yields per plant and TGW by Amaranthus hypochondriacus cultivars 
(USAMVB Experimental Field, 2007) 

Cultivars Grains yields per plant  
(g)  

Difference 
(g) 

TGW 
(g) 

Difference 
(g) 

Manna de Montana 18.8 0.3 1.08 0 
Guarijio 11.8 -6.7ooo 0.99 -0.09ooo 
Rio san Lorentzo 23.8 5.3*** 1.12 0.04* 
Nepal 12.3 -6.2ooo 0.96 -0.12ooo 

New-Mexico 25.8 7.3*** 1.28 0.20*** 
Average 18.5 Control 1.08 Control 

                               DL 5%     0.61 g/plant            0.03 g 
                               DL 1%      0.93 g/plant 0.04 g 
                               DL 0,1%      1.49 g/plant 0.07 g 
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Table 4 
Proteins, starch, lipids, ash and fibres contents of Amaranthus hypochondriacus  grains by 

different cultivars (% d.m.) (USAMVB Experimental Field, 2007) 
Cultivars Proteins Starch Lipids Fibre Ash 

Manna de Montana 17.64 61,21 4.92 4.62 3.31 
Guarijio 16.52 62.83 5.17 4.34 3.84 
Rio san Lorentzo 17.83 62.55 6.49 4.85 3.93 
Nepal 15.83 60.75 5.43 4.66 3.75 
New-Mexico 16.94 62.78 5.82 4.93 3.54 
Average 16.95 62.02 5.56 4.68 3.67 

 
CONCLUSIONS 
As a consequence of research performed in 2007 year for Amaranthus 

hypochondriacus, following conclusions concerning morphological, biological and yields 
quality may be emphasized as important: 

1. The duration of the vegetation period was of 130-147 days, the late cultivar was 
Manna de Montana, with a vegetation period of 147 days, and most early proved to be the Rio 
San Lorentzo with 135 days of vegetation. 

2. The heights of Amaranthus hypochodriacus plants varied between 132.8 cm for 
New-Mexico cultivar and 75.3 cm for Nepal cultivar  

3. The productivity of Amaranthus hypochondriacus cultivars was illustrated by 
grains yields of 11.1-25.3 q/ha, data which mirror an important adjustment capacity to the 
cropping condition in the area and resistance to drought and high temperatures. 

4. By comparison, at cereals, folowing chemical composition was achieved: 16.95% 
proteins; 62.02% starch; 5.56% lipids; 4.68%  fibres and 3.67% ash. 

5. As a consequence of the effected research, it was issued the conclusion that the 
Amaranthus hypochondriacus cultivars find favourable conditions in the area of the reddish 
preluvosoil area from the central part of Romanian Plain. 
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organic matter of local ecotype of the species 
Anthyllis macrocephala reached 507 litre/kg VS, 
being lower than in the control species (514-526 
litre/kg VS), but it had similar content of methane 
(52.5 %). 
The highest methane yield per ha was achieved by 
Onobrychis viciifolia, the lowest – by the biomass 
of Anthyllis macrocephala.  
 
CONCLUSIONS 
 
In the conditions of the Republic of Moldova, it 
was observed a slower growth and 
development of the aerial part of Anthyllis 
macrocephala during the first growing season, 
but it developed stronger root system in 
comparison with the control. 
The 3-year-old Anthyllis macrocephala plants 
had moderate growth and development rates that 
allowed mowing them in June, when the green 
mass yield reached 2.41 kg/m2, but they had 
higher content of dry matter, in comparison with 
the traditional crops. 
The biochemical composition of the dry matter of 
Anthyllis macrocephala: 15.16 % raw protein, 
2.73 % raw fat, 35.47 % raw cellulose, 40.11 % 
nitrogen-free extractive substances, 6.53 % 
minerals and a high amount of vitamin C. 
The 100 kg of green mass of Anthyllis 
macrocephala contained 27 nutritive units, 
282 MJ metabolizable energy and 3.90 kg 
digestible protein, exceeding essentially 
Medicago sativa.   
The gas forming potential of Anthyllis 
macrocephala reached 507 litre/kg VS with 
52.5 % methane. The calculated methane yield 
of the green mass of Anthyllis macrocephala 
harvested at the first mowing reached 
2181 m3/ha. 
The local ecotype of the species Anthyllis 
macrocephala is a perennial plant and has 
xerophytic features (poor foliage, thick hairy 
stems, well developed roots that grow deep into 
the soil). It is an excellent plant to prevent 
erosion on grass-covered slopes and any areas 
with loose soil, where it is necessary to secure 
its mechanical particles and to maintain its 
structure. Besides, Anthyllis macrocephala is 
useful for restoring degraded, polluted and eroded 
land, and for reseeding and increasing the 
economic value of grasslands. 
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Abstract 
 
This paper present the results obtained about the effectivess of some insecticides agaist Tanymecus dilaticollis atack in 
maize crops at NARDI Fundulea. These products are allowed in organic farming by Anexx 2 of Commission Regulation 
(EC) No 889/2008 for the implementation of Council Regulation (EC) No 834/2007 on organic production and 
labelling of organic products with regard to organic production, labelling and control. The insectisides used in the 
maize seeds tratament were: Neem-TS, Laser 240-TS and Bactospeine DF-TS in dose of 2.5 g/250 grams of seeds. In 
vegetation it were used: Neem-TV and Laser 240-TV in dose of 150 ml/ha. The used maize hybrid was Olt variety 
obtained at NARDI Fundulea. Also, it performed productivity elements and seeds yields and chemical compozition on 
Laboratory of Yields Quality of Crop Sciences Department, Bucharest Faculty of Agriculture. The insecticides 
effectiveness fluctuated between 5.5 when it was applied Laser 240-TS (2.5 ml/250 g. s.) and 6.12 when it was applied 
Laser 240-TV (150 ml/ha). The density of crop maize ranged between 98.5 plants/plot of Laser 240-TV apllied on seeds 
by comparison with the same product applied in vegetation. The largest yields was of 6676 kg/ha at insecticide variant 
with the best effectiveness Laser 240-TS (2.5 ml/250 g. s.). The chemical composition of seeds, in average, was: 12.27% 
protein; 70.83% starch; 4.41% oil; 1.26% ash; fibre 1.77%. These results showed that there was no influence of 
insecticides on yield quality.  
 
Key words: insecticides, maize, Tanymecus dilaticollis, organic agriculture, productivity. 
 
INTRODUCTION  
 
Care and awareness of the world population on 
the environment, the dangers to health of the 
synthetic pesticides using and chemical 
fertilizers excessively and consumer preference 
for food produced safely and free of danger are 
major factors that lead to increased interest of 
everyone involved in alternative forms of 
agriculture in the world, as organic farming. 
Organic production systems are based on 
specific standards for food production and aims 
to produce them in a sustainable way both 
socially and materially. This system should be 
regarded as an integral part of sustainable 
development strategies as a viable alternative to 
conventional agriculture (Nastase and Toader, 
2016). According to recent studies of Research 
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is around 37.4 million ha, being recorded about 
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organic products means about $ 73.8 billion. In 
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2092/91 and Commission Regulation (EC) No 
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and Rural Development. It can be used for 
products that comply with the Romanian 
Organic legislation. 
On the other hand, maize is an important crop 
being cultivated on large areas in the world 
(over 160 million ha), also in Romania (2.5 
million ha annually) because it is used in 
human nutrition, feed production and raw 
material for many other products (starch, 
alcohol, biofuel, etc.). In organic farming, the 
maize is cultivated over 50% from total 
surface. This importance derives from the fact 
that maize is mainly intended for animal feed. 
Also, according to organic farming rules, 
organic livestock must be fed with fodder crops 
obtained by organic farming rules.  
But as is well known, the maize crop has many 
advantages, among which we can mention, 
great production potential, full mechanization, 
high ecological plasticity.  
However, maize has some limited elements of 
production including pests that attack in the 
early stages of vegetation as gray maize weevil 
(Tanymecus dilaticollis Gylll.). They feed on 
young leaves from the leaf margin, and most 
damage occurs before the 4-leaf stage (BBCH 
14). Drought and higher temperatures enhance 
feeding (Popov, 2006). Tanymecus dilaticollis 
has one generation per year and overwinters as 
adult in the soil (Paulian, 1972).  
Therefore, where maize is cultivation in 
organic farming conditions, should be adhered 
to rules imposed by law. This means that to 
combat various pests in crop production to by 
maintaining of crop health using preventative 
measures, such as the choice of appropriate 
varieties resistant to pests and diseases, 
appropriate crop rotations, mechanical and 
physical methods and the protection of natural 
enemies of pests.  
All synthetic insecticides are prohibited.  
They may be used only products corresponding 
to Annex 2 of the Regulation (EC) No 
889/2008. 
In this context, it is very difficult to find a 
solution to combat this dangerous pest of maize 
crop.  
This paper present the results obtained about 
the effectiveness of allowed insecticides in 
organic farming against Tanymecus dilaticollis 
attack of maize crops at NARDI Fundulea.  
 

MATERIALS AND METHODS 
 
Experience was conducted in the experimental 
field at Plant Protection Collective (NARDI 
Fundulea), in 2016. 
The biologic material of maize crops was Olt 
variety, obtained of NARDI Fundulea. The 
insectisides used in the maize seeds tratament 
were: Neem-TS (natural neem oil) (2.5 ml/250 
g. s.), Laser 240-TS (spinosad 240 g/l active 
substance) (2.5 ml/250 g. s.) and Bactospeine 
DF-TS (Bacillus thuringiensis subsp. Kurstaki) 
(2.5 g/250 g. s.). In vegetation it was used: 
Neem-TV (150 ml/ha) and Laser 240-TV (150 
ml/ha) (Figures 1 and 2).  

 
Figure 1. Insecticides used for seeds sowing, 2016) 

(NARDI Fundulea Experimental Field) 
 

  
 

 
Figure 2. Aspects of seeds preparation and sowing 

(NARDI Fundulea Experimental Field,  
18th of May 2016) 

 
Experimental plots have 42 m2 (10 m length, 
4.2 m width (6 rows), 0.7 m distance between 
rows) by randomized blocks, in four 
repetitions. The maize seeds were sowed 
manually with a planter, at a 35 cm distance 
between seeds on the row. This low density has 
the purpose to concentrate maize leaf weevil on 
the emerged maize plants to evaluate 
effectiveness of the insecticides used for the 
seed treatment. To avoid migration of maize 
leaf weevil adults from one plot to another, the 
experimental plots were laterally isolated with 
a 2 m wide strip sown with pea, a plant 
repellent to this insect (Paulian et al., 1972; 
Voinescu and Barbulescu, 1998). 
We analyzed 20 of plants from each plot and 
we removed the plants from marginal rows of 
the plot.  
The attack intensity of the T. dilaticollis were 
assessed when plants arrive at four leaf stage 
(BBCH 14), using a scale from 1 to 9, 
elaborated and improved by Paulian (1972). 
According this scale attack intensity ranged 
from 1 (unattached plant) to 9 (plant complete 
destroyed): x Note 1: plant not attacked; x Note 
2: plant with 2-3 simple bites on the leaf edge; 
x Note 3: plants with bites or clips on leaf edge; 
x Note 4: plants with leafs chafed in proportion 
of 25 %; x Note 5: plants with leafs chafed in 
proportion of 50 %; x Note 6: plants with leafs 
chafed in proportion of 75 %; x Note 7: plants 
with leafs chafed almost at the level of the 
stem; x Note 8: plants with leafs completely 
chafed and beginning of the stem destroyed; x 
Note 9: plants destroyed, with stem chafed 
close to soil level (Toader et al., 2016). 

 
Figure 3. Tanymecus attack on maize plant 

(NARDI Fundulea Experimental Field, 13rd of May, 
2016) 

After 30 days from plant emergence, the saved 
plants percentage was evaluated by counting all 
the emerged plants from a plot and comparing 
them with the sowing seeds number/plot. 
On the other hand, chemical analyzes were 
performed to see if there have been changes in 
the chemical composition depending on the 
insecticide applied. 
 
RESULTS AND DISCUSSIONS 
 
Data from figures 4 and 5, demonstrate that, 
climatic conditions from spring period of the 
year 2016, at NARDI Fundulea, were medium 
favourable for maize leaf weevil attack. 
Monthly and annual average temperatures for 
the year 2016 compared to the annual average 
is presented in Figure 4.  
Examination of the data, it can be seen that the 
average temperature for April was 14.0°C, with 
2.9°C higher than the multiannual temperature 
(11.1°C). 
For May, they were recorded average monthly 
temperature values by 0.8°C higher than the 
multiannual average (16.1). 
 

 
Figure 4. Evolution of the air temperatures  

in spring, at NARDI Fundulea, in 2016 

2016 was characterized in April and May with 
a surplus of rainfalls. The largest amount fell in 
April, 73.7 mm, 14.7 mm more than the 
multiannual average. In May, the difference 
was only 8.9 mm by comparison with 
multiannual average (Figure 5).  
These climatic conditions, from second decade 
of May, when maize plants were in first 
vegetations stages (BBCH 10-14) were mediu 
favourable for pest attack.    
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Figure 5. Evolution of the rainfalls in spring, at NARDI 

Fundulea, in 2016 

Figure 6 presents the evaluation of Tanymecus 
dilaticollis attack intensity of maize plants, on a 
scale from 1 (not attacked plant) to 9 (complete 
destroyed plants). Using the scale in phase of 
four leafs, it was found plants with Notes 5 and 
6, with leafs chafed were affected in proportion 
of 50-75% (Figure 7) According the results, the 
lowest attack was recorded in the treated seed 
with Laser 240-T5 (2.5. ml/250 g.s.) of 5.5 
(Figure 8). Thus, we must emphasize the seed 
treatment compared with the same product 
applied in vegetation. It also notes that the 
other two treatments applied to seeds, efficacy 
was better than for treatments performed in 
vegetation. The higher attack intensity was 
recorded at Control variant, with 6.14. 

 
Figure 6. Attack intensity analysis  

(NARDI Fundulea Experimental Field, 13rd of May) 
 

 
Figure 7. x Note 5: plants with leafs chafed were 

affected in proportion of 50-75%                           
(NARDI Fundulea Experimental Field, 13rd of May) 

 
Figure 8. Variant of seed treatment with Laser 240  

(2.5 ml/250 g.s.) (NARDI Fundulea Experimental Field, 
23rd of June 2016) 

  
Regarding plant density/plots the best result 
was recorded in the treated variant with Laser 
240-T5 (2.5. ml/250 g.s.), where it recorded 
132 plant/plot. This result meaning over 
77.65% of saved plants. Also, the good result 
obtained in case of seeds treatment with 
Bactospeine DF-TS (2.5 g/250 g.s.), 
respectively, 123.5 plant/plot and 72.65% 
saved plants (Figure 9).  
 

 
Figure 9. Density of plants at 30th of May 2016  

(NARDI Fundulea Experimental Field) 
 

These results demonstrated the effectiveness of 
treatments to maize seed with specific products 
comparative with treatments make in 
vegetation. 
In case of the results regarding productivity 
elements and seeds yields, can highlight the 
variant of the insecticides were applied to 
seeds, respectively, Laser 240-T5 and 
Bactospeine DF-TS (2.5 ml/250 g.s.). 
In these conditions, were obtained, 86.55% of 
grains weight/cob and TGW was 362.3 g for 
Laser 240-T5 and 85.58% of grains weight/cob  

 
and TGW was 336.6 g for Bactospine  DF-TS 
(Figures 10 and 11).   
 

 
Figure 10. Cobs at harvesting  

 

 
Figure 11. Productivity elements of maize at harvesting  

(NARDI Fundulea Experimental Field, 2016) 
 

The main factor of yields is plants density (cob) 
at harvesting. Thus, the best seeds yields were 
recorded at two variants of insecticides applied 
on seeds, Laser 240-T5 (6676 kg/ha) and 
Bactospeine DF-TS (6447 kg/ha). The lowest 
values were found at Control variant, with 4899 
kg/ha. Also, the low yields recorded at 
treatment in vegetation by comparison with the 
same produce in vegetation (Figure 12). 
 

 
Figure 12. Yields of maize seeds  

(NARDI Fundulea Experimental Field) 
 
In climatic conditions of 2016, the accumu-
lation of reserve substances were favoured to 

accumulated more starch, over 70% in all 
variants. Content in other elements were not 
different from what is known in the literature 
about chemical composition of Olt maize 
variety. The amount of proteins averaged 
around 12%. The other compounds were, in 
average: starch - 70.83%; oil - 4.39%; ash - 
1.31% and fibre 5.24%. According of these 
results can emphasis that the insecticides no 
influence on chemical composition of seeds at 
harvesting (Figure 13).  
 

 
Figure 13. Chemical composition of maize seeds  

(NARDI Fundulea Experimental Field, 2016) 
 
CONCLUSIONS  
 
Regarding attack intensity, it was found that 
plants has Notes 5 and 6, when plants with 
leafs chafed were affected in proportion of 50-
75%.   
The best result was recorded in the treated seed 
with Laser 240-T5 (2.5. ml/250 g.s.) with an 
intensity attack of 5.5. 
The higher attack intensity was recorded at 
Control variant, with 6.14.  
Regarding plant density/plots the best result 
was recorded for the treated variant with Laser 
240-T5 (2.5. ml/250 g.s.), with 132 plant/plot 
(77.65% of saved plants) and Bactospeine DF-
TS (2.5 g/250 g.s.), with 123.5 plant/plot (72% 
saved plants).  
In case of the productivity elements results, it 
can highlight the variant of the insecticides 
were applied to seeds, respectively, Laser 240-
T5 and Bactospeine DF-TS (2.5 ml/250 g.s.) 
with TGW between 362.3 g and 336.6 g.   
The best seeds yields has been obtained at same 
variants applied on seeds, Laser 240-T5 (6676 
kg/ha) and Bactospeine DF-TS (6447 kg/ha).  
The lowest values of yields seeds were found at 
Control variant, with 4899 kg/ha.  
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The low yields recorded at treatment in 
vegetation by comparison with the same 
product in vegetation. 
In climatic conditions of 2016, the 
accumulation of reserve substances were 
favoured to accumulated more starch, over 
70% in all variants.  
Content in other elements were not different 
from what is known in the literature about 
chemical composition of Olt maize variety: 
proteins - around 12%, starch - 70.83%; oil - 
4.39%; ash - 1.31% and fibre 5.24%. 
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Abstract 
 
A field experiment was conducted to evaluate the effects of several cover crops against a serious invasive weed, Conyza 
albida. The particular species is characterized by a wide dispersal, an enormous seed production and a high trend for 
glyphosate-resistance development. In the present study, four different cover crops were tested, namely Lolium 
multiflorum, L. perenne, Festuca arundinacea and Trifolium repens. The experiment was performed as a randomized 
complete design and several measurements on soil coverage and weed growth and density were taken. Soil coverage 
was faster and higher for L. multiflorum, followed by F. arundinacea and T. repens. On the contrary, canopy 
development for the perennial L. perenne was 62-72% lower than the other cover crops. This rapid and high canopy 
development especially of L. multiflorum and T. repens resulted to the significant reduction of C. albida density (lower 
by 87 and 83%, respectively) and also to weeds’ growth suppression (plant height reduction up to 50%). Consequently, 
the specific species could be certainly used, solely or in mixtures of cover crops for the effective management of 
invasive and herbicide-resistant weeds. 
 
Key words: invasive plants, cover crops, glyphosate-resistance, Conyza albida. 
 

 
INTRODUCTION 
 
Invasive species infestation has been 
recognized as one of the largest threats for 
native species and biodiversity across the 
world, especially under the observed and 
expected climate changes (Kriticos et al., 2003; 
Williamson, 1996). Such species have already 
or are likely to spread into new habitats, 
become dominant or disruptive to those areas 
and sometimes turn to be weeds of high 
agronomic importance (Reichard and White, 
2001; Travlos, 2013). Understanding 
requirements and identifying environmental 
resources that promote or restrict the success of 
invasive species during the critical life stages 
can be used to prevent introduction and manage 
them properly (Speziale and Ezcurra, 2011). 
Many authors have suggested that higher 
genotypic diversity and phenotypic plasticity 
are likely to confer greater invasiveness (Gray, 
1986; Williams et al., 1995). Once established, 
these plants have the potential to become 
troublesome and noxious weeds and pose long-
term environmental problems and economic 
costs (Alpert et al., 2000; Richardson et al., 
2000). 

According to the review of Bresch et al. (2013), 
the Mediterranean ecosystem could be 
considered less prone to invasion than similar 
ecosystems on other continents. However, 
factors such as the human population density 
and the climatic changes may lead to a 
progressive invasion of the areas of 
Mediterranean basin (Sanz-Elorza, 2006; Vilà 
et al., 2008; Celesti-Grapow et al., 2010). 
Indeed, climate change might induce 
fluctuations of water availability and thus affect 
species distributions (Lavorel et al., 1998). 
The genus of Conyza comprises more than 50 
annual and perennial species. In Greece there 
have been reported the three following species: 
hairy fleabane (C. bonariensis L.), horseweed 
(C. canadensis L. Cronq.), and fleabane (C. 
albida Willd. ex Spreng), with the last one 
being the most recently introduced 
(Yannitsaros, 1997). Indeed, fleabane is a weed 
originated from South America that recently 
has been reported to invade in urban, natural 
and agricultural ecosystems. In Greece, it is 
characterized by a rapid growth and high 
dispersal potential that enables its 
establishment as a permanent weed of the 
urban landscape as well as in many crops. C. 
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Abstract The paper present the quality of organic maize grains came from some Romanian 

organic farms, in 2016-2018 period. The quality analysis were performed in authorized 

laboratories to determine: Dry Matter and Moisture (DM), Carbohydrates (C), Crude Proteins 

(CP), Crude Fat (CF), Ash, Crude Fibers (CFB). Also, it has been calculated the Nutritional 

Unit (NU) and Gross Energy (GE) in kcal or MJ, Digestible Protein (DP), Non-Nitrogenus 

Extract Substances (NES) and Organic Substances (OS). The analysis included detection of 

harmful components on health of final consumer: pesticides residues, mycotoxins, nitrates 

and nitrites. The results are: 86.14% – DM; 13.86% – Moisture; 68.36% – C; 10.18% CP; 

4.26% – CF; 1.36% – Ash; 2.39% – CFB; 1.25 – UN; 378.77 kcal or 1.58 MJ – GE, 

65.68% – DP, 67.15% – NES and 83.98% – OS. Pesticides residues not find in any 

sample. Mycotoxins were found in only two farms, in 2016: Aflatoxin B1 (1.7-2 µg kg-1)  

and Aflatoxin B1+B2+G1+G2 (2-3.7 µg kg-1), Fumosin B1+B2 (786-992 µg kg-1), 

Deoxynivalenol (DON) (0.7 -26 µg kg-1); Zearlenon (1.2 µg kg-1). In 2017 and 2018 years, 

these substances were not detected. For nitrates and nitrites, the results showed only nitrates 

in 2016, in tree farms (5.1-6 mg kg-1). The micotoxin and nitrates values were below  

the limit allowed by the legislation in force. Following these results it can be appreciated 

that organic maize has good quality similar with EU standards and farmers respect the 

principles of organic agriculture. 
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Introduction 

Maize is one of the most important crops, with 193.7 

million ha area harvested in the world, in 2018 year 

(OECD/FAO [39]). Maize grains are widely used in human 

nutrition, industry and animal feed (MATEI [32]).  

In 2016-2018, approximately 1.7 billion tons of 

agricultural commodities were used as livestock feed, 

mainly maize and other cereals, and protein meals derived 

from oilseeds (OECD/FAO [39]). Around 13% of the 

total feed intake consisted of cereals, a value which 

corresponded to almost one-third of global cereal pro-

duction. In this context, the maize grain is a major feed 

grain and a standard component of livestock diets where it 

is used as a source of energy (OECD/FAO [39]).  

Maize is the main source of concentrates used in the 

feeding of animals as pigs, cattle, sheep representing up to 

80% of the total concentrates, in birds up to 70% of the 

concentrates, and in the other categories up to 30% (youth 

from all species and working animals) (NICOLAE, 

SONEA [37]). Also, maize is one of the most versatile 

emerging crops having wider adaptability under varied 

agro-climatic conditions (KLING [30]). 

One the other hand, organic production is an overall 

system of farm management and food production that 

contributes to the preservation of natural resources and 

applies high standards of animal welfare (WILLER & al 

[46]). The EU surface reached 12.6 million ha in 2017, 

which represents 18% of the global organic area and 7% of 

total EU agricultural land. Further organic area is devoted 

to green fodder (17%), cereals (16%) and permanent crops 

(11%). Regarding organic livestock, in EU, 4.85 million 

bovines, 5.9 million sheep and goats, almost 1.4 million 

pigs, and 56.5 million poultry were registered (WILLER  

& al [46]). 

For Romania, in 2018, organic farming means about 

327 thousand ha and 9008 farmers (MARD [33]). Among 

the crops, cereals with about 115 thousand predominate, 

followed by industrial crops with over 80 thousand ha.  

In Romania, according to the data provided by Eurostat,  

in 2016, there were registered over 56 thousand ha of 

organic maize, respectively 48% from total organic area 

with cereals (EUROSTAT [7]).  

Organic animals must ensure their nutritional needs  

in good quality organic feed and in a form that allows 

them to manifest their natural behavior (IFOAM [21]).  

The aim of this research was to study the quality and 

nutritional value of maize grains produced in organic 

farming and which could be used for human consumption, 

but especially, in organic animal feed. This quality analysis 

included both the determination of the chemical com-

position of maize grains and whether there are possible 

contaminations with certain substances such as pesticide 

residues, mycotoxins, nitrates and nitrites that may 

endanger the health of animals and consumers. Among 

the arguments for the importance of this research is the fact 

that animals fed with certified organic feed benefit from  

a balanced diet, without chemicals, without additives, 

preservatives or synthetic dyes, without genetically 

modified organisms and without pesticide residues. In this 

way, the animals produce better quality of milk or/and 

meat, eggs, in which the animal welfare standards are met. 

In addition, the positive effects without environmental 

pollution are particularly important for both humans and 

animals. Thus, organic farms, through clean technologies 

for plants and animals, without contaminating water 

sources, habitats, soil, can create long-term sustainability. 

Also, the quality of organic maize grains may also depend 

on the conditions of cultivation, harvesting and storage.  

In conditions of high humidity, with many foreign bodies, 

mold fungi can produce mycotoxins, with risk to health of 

human and animals. Nitrate pollution is a current problem 

that affects the quality of agricultural products and thus 

animal feed, which can complete the overall quality of 

maize grains produced in organic system. Accordingly, 

investigations should be made into the sources of formation 

of these substances and identifying the administrative 

measures to be taken to prevent, as far as possible, their 

occurrence. 
 

Materials and Methods 

The design of the experiment 
The research was conducted during 2016-2018 

period. The analyzed samples came from four organic 

certified farms in Romania, from different agricultural 

areas: Vaslui (Vetrisoaia village, Moldova Plateau), 

Teleorman (Merenii de jos village, Glavacioc Valley), Arad 

(Pecica village, Mures Valley) and Bihor (Santimreu 

village, Barcau Valley). These farms were chosen because 

they manage large areas cultivated with maize (over 100 ha) 

in organic system, apply innovative cultivation technolo-

gies regarding fertiliser system and control of pest and 

diseases and selling the maize production grains on the 

Romanian market. Also, the farms have, for the most 

part, the same characteristics of the climate: temperate-

continental climate, with maximum temperature value in 

July-August, in last years of 34.7oC and minimum value in 

January of -18.5oC and very uneven rainfall regime 

between 450 and 550 mm, dry periods alternating with the 

rainy ones, with a increasing frequency of torrential rains. 

Regarding the suitability of soils for maize crop, the 

farms have about the same types of soil, cambic chernozem, 

except for the farm from Vaslui county, where the soil 

type was the podzolite soil (Moldova Plateau).  

In terms of maize cultivation technology, it was the 

same in all four farms by an agreement with farmers. It was 

a classic technology, which included the main techno-

logical links. Thus, after harvesting the previous plant, 

which for each year was wheat, a plowing was carried out 

in August, followed by soil disking in september. In March, 

there was a disc harrow and then preparing the bed 

germinating. Prior to the preparation of the germination 

bed, some products were applied that stimulate the 

mechanisms of inducing the plants resistance against  

the attack of pathogens, help to mineralize the organic 
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substances in the soil and to improve the root system of 

plants. These products are: Biofos soft phosphate rock 

(contains phosphorus, magnesium, calcium, iron) –  

250 kg ha-1; Fielder + Biofertilizer (contains Trichoderma 

asperellum) – 250-750 g ha-1; P soil (containing Bacillus 

megaterium) – 2 l ha-1. The maize seeds were treated with 

Raykat Enraizador Start product – 1 l t-1 of seed (contains 

amino acids, polysaccharides, total nitrogen and trace 

elements), for strong stimulation of root development  

and increase of nutrients absorption, especially in the 

germination phase. These products correspond to Annex II 

of the Commission Regulation (EC) No 889/2008 [14] laying 

down detailed rules for the implementation of Council 

Regulation (EC) No 834/2007 [12] on organic production. 

Weed control was performed by two mechanical weeding 

in May and one mechanical weeding in early of June. The 

hybrid used for sowing was DK5182, FAO group 400-450, 

with good tolerance to drought, heat and break and high 

capacity of adaptability in different growing conditions.  

The density was 72,000 germinating grains ha -1,  

the distance between rows was 70 cm, at sowing depth 

of 4-5 cm. The sowing was carried out in the optimal 

period, April 20-25, for each year of experimentation and  

was harvested by combine, between September 15-20. 

The yields productions varied between 6,300-6,800 kg ha-1. 
 

Chemical analysis and nutrition value 
The chemical analysis was validated in accordance 

with the Quality Assurance System, ISO 17025/2005,  

and SANTE/11813/2017 Standards (ISO 17025 [27]; 

SANTE 11813 [42]). Sampling for chemical analysis  

was performed in accordance with the requirements of  

ISO 17065/2013 – Conformity Assessment, respectively, 

Requirements for bodies certifying products, processes and 

services [26] and with the requirements of Regulations 

(EC) 834/2007 [12] and Regulations (EC) 889/2008 [14] 

specifics to organic agriculture, in accredited laboratories 

from: Czech Republic for the various biochemical com-

pounds (dry matter and water (moisture), carbohydrates, 

crude protein, crude fat, ash, crude fibers, gross energy in 

kcal and MJ); Germany for pesticides, mycotoxins and 

nitrate and nitrite residues. Samples were identified 

clearly and indelibly, in a way to ensure the traceability.  

The results are presented by comparison with 

reference values of INRA (L’Institut National de  

Recherche pour l’Agriculture, France) standards Feeds (the 

most used International Standard) [23] and Order No. 369 

of June 27/2019 of Romanian Ministry of Agriculture  

and Rural Development (MARD [34]). 

Determination of Dry Matter (DM%) by Gravimetric 

method was in according with ISO 712/1998 [24] 

standards. Grains Moisture is the amount of water, 

expressed as a percentage that is removed from a grains 

sample by drying in a drying stove, at a certain tempe-

rature to the constant weight of the sample (ISO 712 [24]).  

Method used for determination of Carbohydrates 

(C%) was High Performance Liquid Chromatography 

(HLPC), with refractive index detection (RID). Operational 

parameters of chromatographic system were: column: 

modified Alltima Amino 100Ẳ, 5 μm, 250 x 4.6 mm;  

mobile phase flow: 1.3 ml/min; mobile phase: acetonitrile/ 

water (75/25; v/v); column temperature: 30oC; injection 

volume: 20 μl; separation time: 60 min (JOHANSEN &  

al [29]).   

According to ISO 16634-2/2009 the crude protein 

(CP%), calculated as N (nitrogen) x 6.25, where N is the 

nitrogen obtained by mineralisation through the Dumas 

methods (ISO 16634 [25]). 

The Crude Fat (CF%) content was determined by 

gravimetric methods according to AOAC 945.38F; 

920.39C Gravimetric (ether extraction) (AOAC [1]).  

The Ash content (%) of foods was determined by 

gravimetric methods, according to AOAC 923.03. The 

maize grains were burnt at 550oC to constant weight and 

the ash was determined by weighing (AOAC [1]).  

The enzymatically method was used for deter-

mination of Crude Fibres (CFB%) content. It used the 

commercial set Megazym according to AOAC Method 

985.29 and 991.43 (AOAC [1]). 

Nutritional Units (NU) and Digestible Protein (DP) 

was made according to Order no. 369 of June 27/2019 of 

Romanian Ministry of Agriculture and Rural Development 

for approving the nutritional composition of the fodder 

used to feed cows, buffaloes, sheep and goats, as well as 

their nutritional requirements. Maize has the following 

nutritional composition: 866 DM g kg-1, 1.25 Nutritional 

Units (NU) and 66 g kg-1 Digestible Protein (DP%) 

(MARD [34]). The results obtained in these experiments 

were reported at these values. 

Indirectly, the Gross Energy (GE) (kcal or MJ) can  

be determined by knowing the crude content of nutrients 

and the caloric coefficients of them (FAO/WHO [18]).  

The caloric coefficients were following: 4.1 kcal g-1 for 

Carbohydrates (C), 5.7 kcal g-1 for Crude Protein (CP)  

and 9.5 kcal g-1 for Crude Fat (CF). The Gross Energy  

was calculated according to formula: GE=4.1*C%+ 

5.7*CP%+9.5*CF%, where, GE – Gross Energy (kcal kg-1); 

C – Carbohydrates (%), CP – Crude Protein (%), CF – 

Crude Fat (%) and 1 kilocalorie = 0.004184 Megajoules 

(FAO/WHO [18]).  

Organic substances (OS) are synthesized by plants 

following the process of photosynthesis and represent  

the main component of feed. The organic substances 

(proteins, lipids, carbohydrates and non-nitrogenous extrac-

tive substances) in the fodder during their calcinations at 

550°C are destroyed, as a result they can be calculated  

as the difference between Dry Matter (DM) (%) and Ash 

(%): OS% = DM% – Ash% (AVARVAREI [3]).   

Non-nitrogenous extractive substances (NES) (%) are 

heterogeneous substances represented mainly by starch, 

soluble sugars, pectin, tannins, etc. This group could be 

determined by formula: NES% = OS% - (CB% + CF% + 

CFB%), where OS – Organic Substance (%), CP – Crude 

Protein (%), CF – Crud Fat (%); CFB – Crude Fiber (%) 

(AVARVAREI [3]).   

The tested pesticides were over 250 of types. In our 

table we will present only 5 groups: glyphosat, glufonisat, 

acid aminomethylphosfonic, clormequat and mepiquat. 
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The using method was according the EU Standard-

SANTE/11945/2015 (SANTE 11945 [40]). Determination 

of residues of pesticides was made by GC-MS and/or  

LC-MS/MS after extraction/partition with acetonitrile  

and purification by the QuEChERS (Quick, Easy, 

Cheap, Efficient, Rugged and Safe) dispersive method. 

QuEChERS extraction was performed according to the 

official AOAC method 2007.01 using Waters DisQuE™ 

Dispersive Solid Phase Extraction (d-SPE) product 

(AOAC [2]).  

The method of mycothoxins analysis was the High 

Performance Liquid Chromatographic (HPLC) with UV 

(Ultraviolet) detection (Photodiode Array (PDA) detector), 

with purification on the immunoaffinity column (FCC 

[20]). The analysed mycotoxins were: B1 Aflatoxin, 

B1+B2+G1+G2 Aflatoxin complex, B2 Fumonisin, 

Deoxynivelanon (DON, vomitoxin) and Zearalenone.  

For determination of nitrates and nitrites contents, the 

laboratory has developed and accredited its own method. 

High Performance Liquid Chromatography (HPLC)  

with UV (Ultraviolet) detector was used. The UV-Vis 

(Ultraviolet Visible) photodiode detector detected nitrates 

and nitrites ions at an absorption of 212 nm (FCC [20]). 

All chemical analyses were performed in three 

replicates and the results were statistically analysed by the 

Fisher’s least significant differences (LSD) test. 
 

Results and Discussion 

Chemical composition and nutrion value 
The moisture content of the maize grains is a very 

important criterion for evaluating its quality from several 

points of view. Maize grains, according to the reference 

value (INRA [24]), must be a maximum of 14%. The 

storage of maize depends largely on its moisture. If the 

humidity exceeds 14%, a series of chemical processes 

related to the acceleration of respiration with heat and 

water production appear, followed by complex fermen-

tation processes that lead to the alteration of the grain 

mass (TOADER & al [44]). The high moisture content 

during storage encourages the appearance of certain yeasts, 

molds and harmful bacteria.  

Our research showed that for all samples, the average 

moisture values was 13.86%. It can be noticed, the samples 

that came from Vaslui county, that for both 2017, exceed 

by 1.6%, the reference value. The dry matter (DM) resulted 

from the difference from 100 minus moisture. These ranged 

in 2016-2018 period from 85.2% for farm from Vaslui to 

87.8% of farm from Bihor county. The best value of 

moisture (12.2%) was registered in 2017, by the farm 

from Bihor, which exceeded the average with a distinctly 

significant value (Table 2). 

Maize grains are generally known to be high in 

carbohydrate. Marta et al, in 2017, founded the content 

of 69.6-75.68%, for different hybrids (MARTA et al, 

2017). In these research, carbohydrates had an average 

value of 68.38% for all four locations which expresses  

a value very close to reference value (69%). The value of 

70.4 from 2017, obtained by the farm from Bihor county, 

stands out. This exceeded the experience average by 2%, 

which meant a very distinctly significant value compared 

to the average. Compared to the reference value, the 

value obtained for organic corn was slightly lower, by 

about 0.5%. 

The minimum protein content of maize grains accor-

ding to reference value is 8.9%. Toader at all found the 

protein content between 10.13 and 13.27% on organic 

maize grains in Fundulea Experimental Field (TOADER  

at al, 2017). In 2011, Imbrea and al at the Research of 

Experimental Field in Timisoara, foud a protein content of 

maize around 8.2% (average value) (Imbrea et al, 2011). 

By comparisons with INRA standards our results are over 

this. In 2016, protein content variated between 9.3% in 

Vaslui are and 11% in Bihor county. In all the years of 

experimentation, the contents of the maize from Bihor 

County significantly exceeded the average per experiment, 

but also the reference value. It can also be seen that in all 

cases, the reference value has been exceeded. As a result, it 

can be highlighted that the maize obtained in organic 

farming conditions has a good quality in terms of protein 

content, being comparable to the values known for toothed 

maize hybrids. 

In research of Suriady at all, crude fat content ranged 

from 2.48% up to 4.80% (SURIADY at al, 2017). The 

INRA standards recommends a content of 4.1%. In our 

research, the values of CF were slightly above the standard 

value, respectively between 4.0% and 4.7%. The value of 

4.7, the best value, exceeded the average very distinctly, 

and also exceeded the reference value. This value was 

obtained by the farm in Teleorman, in 2018. The farm in 

Bihor County also obtained a good value, 4.5%, which 

significantly exceeded the average crude fat (CF) content.  

Crude Fibre (CFB) component is one of the most 

important nutritional and technological factors of the maize 

grains. The content is directly related to digestibility, so the 

more feed cellulose contains, the lower the digestibility of 

the organic matter and vice versa. As is known, the fibre 

content of maize grains is between 1.4% - 3%, depending 

on the hybrid and growing conditions. The crude fibre of 

maize based on study of BeMiller at all was 1.11-4.15% 

(BEMILLER & al [4]) and INRA standards recommended 

a content of 2.6%. During this experiment the CFB 

oscilated on 1.8 and 2.8%, this means an average of 2.3%. 

Maize grains are the basic concentrated feed for  

all animal species and the nutritional value according 

Romanian legislation is 1.25 Nutritional Units per 1 kg of 

grain (MARD [34]). In this research, the Nutritional Unit 

(NU) and Gross Energy (GE) of organic maize were in 

average: 1.25 NU kg-1 of grains, respectively 378.88 kcal 

or 1.58 MJ. The value from 2018 can be highlighted, when 

it exceeded the average by over 10%. Among the locations, 

the farm from Bihor County led to obtaining values higher 

(390.3 kcal or 1.63 MJ), in 2016, than the reference value 
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(372.6 kcal or 1.56 MJ), both for 2017 and 2018 (around 

381 kcal or 1.59 MJ). 

In case of these experiments, the digestible protein 

(DP) was approximately equal to reference value, which 

means that organic maize grains can provide rations 

corresponding to the needs of animal growth and 

development depending on the category for which the feed 

is produced. The value from Bihor County is highlighted 

again, with 66.9% for 2017, when it significantly exceeded 

the average per experiment. 

In the case of the other two determinations, both 

NES and OS values has been below the reference value. 

However, the organic maize samples from Telorman and 

Bihor Counties were noticed, with values that exceeded  

the average by 1-2%. The results of 2016-2018 period 

showed the following values: NES%: 64.4-69.4% and 

OS%: 82.5-82.7%. These values demonstrate that in the 

optimal rations of the different categories of animals must 

be supplemented with other types of feed, which cover 

the necessary requirements of the reference value.  

All results regarding the chemical composition and 

nutritional value and statistical processing are included in 

Table 1 and Table 2. The level of significance (DSL5%, 

1%, 0.1%) from Table 1 has based the values of Table 2. 
 
 

Table 1. Results of chemical composition and nutritional value for organic maize in 2016-2018 period 

Index quality Farm 1 

(Vaslui 
county) 

Farm 2 

(Arad 
county) 

Farm 3 

(Teleorman 
county) 

Farm 4 

(Bihor 
county) 

Average References values  
of INRA and 

Romanian 
Standards 

2016 
Dry matter (DM) (%) 84.7** 86.7 87.1o 86.6 86.28 86.6 
Moisture (%) 15.3oo 13.3 12.9* 13.4 13.7 13.7 
Carbohydrats (C) (%) 68.1 68.1 68.8 70.4*** 68.9 69 
Crude protein (CP) (%) 9.3oo 10 10.1 11* 10.1 8.9 
Crude fat (CF) (%) 4.2 4.5* 4.4 4.1 4.3 4.1 
Crude fibre (CFB) (%) 2.6 2.8* 2.2 2,0o 2.4 2.6 
Ash (%) 1.7*** 1.3 1.6** 1.4 1.5 1.2 
Nutritional Unit (UN) (g/kg) 1.23 1.26* 1.26* 1.25 1.25 1.25 
Gross Energy (kcal) 372.1o 379.0 381.5 390.3*** 380.7 372.6 
Gross Energy (MJ) 1.56o 1.58 1.59 1.63*** 1.59 1.56 
Digestible Protein (DP) (g/kg) 64.55oo 66.38* 66.38* 66.00 65.83 66 
Non-Nitrogenous Extractive 
Substances (NES) (%) 

66.9 66.6 68.2 67.5 67.3 74.4 

Organic Substances (OS) (%) 83.0o 83.9 84.9* 84.6 84.10 87.1 

2017 
Dry matter (DM) (%) 85.7 86.8 85.4 87.8oo 86.4 86.6 
Moisture (%) 14.3 13.2 14.6 12.2** 13.6 13.7 
Carbohydrats (C) (%) 67.8 68.2 68.0 68.3 68.1 69 
Crude protein (CP) (%) 9.1o 10.8* 9.8 10.9* 10.2 8.9 
Crude fat (CF) (%) 4.1 4.0o 4.2 4.1 4.1 4.1 
Crude fibre (CFB) (%) 1.8 2.1 2.2 2.1 2.1 2.6 
Ash (%) 1.3 1.3 1.2o 1.4 1.3 1.2 
Nutritional Unit (UN) (g/kg) 1.24 1.26* 1.24 1.27** 1.25 1.25 
Gross Energy (kcal) 368.8oo 379.2 374.6 381.1 375.9 372.6 
Gross Energy (MJ) 1.54oo 1.58 1.57 1.59 1.6 1.56 
Digestible Protein (DP) %) 65.31 66.15 65.09 66.91** 65.9 66 
Non-Nitrogenous Extractive 
Substances (NES) (%) 

69.4** 67.8 67.0 68.6* 68.2 74.4 

Organic Substances (OS) (%) 84.4 84.7 83.2 85.7*** 84.5 87.1 
2018 

Dry matter (DM) (%) 85.20* 86.70 85.70 85.30* 85.7 86.6 
Moisture (%) 14.80o 13.30 14.30 14.70o 14.28 13.7 
Carbohydrats (C) (%) 68.40 68.30 68.40 67.50o 68.2 69 
Crude protein (CP) (%) 9.80 10.80* 9.80 10.80* 10.3 8.9 
Crude fat (CF) (%) 4.00 4.30 4.70*** 4.50* 4.4 4.1 
Crude fibre (CFB) (%) 2.60 2.80* 2.70 2.80* 2.7 2.6 
Ash (%) 1.20o 1.20o 1.50 1.20o 1.3 1.2 
Nutritional Unit (UN) (g/kg) 1.23 1.26* 1.24 1.24 1.24 1.25 
Gross Energy (kcal) 374.30 382.44 380.95 381.06 379.7 372.6 
Gross Energy (MJ) 1.56 1.60 1.59 1.59 1.59 1.56 
Digestible Protein (DP) %) 64.93 66.08 65.31 65.01o 65.3 66 
Non-Nitrogenous Extractive 
Substances (NES) (%) 

67.60 66.00 65.80o 64.40ooo 66.0 74.4 

Organic Substances (OS) (%) 84.00 83.90 83.00o 82.50oo 83.4 87.1 
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Table 2. Statistical results of chemical composition and nutritional value for organic maize in 2016-2018 period 

Statistical 
Index 

DM 
(%) 

Moisture 
(%) 

C  
(%) 

CP  
(%) 

CF 
(%) 

CFB 
(%) 

Ash 
(%) 

UN 
(g/kg) 

GE 
(kcal) 

GE 
(MJ) 

DP 
(%) 

NEF 
(%) 

OS 
(%) 

Average 86.14 13.86 68.36 10.18 4.26 2.39 1.36 1.25 378.77 1.58 65.68 67.15 83.98 
Sample 
variance 

0.87 0.87 0.52 0.43 0.05 0.13 0.03 0.00 31.85 0.00 0.54 1.83 0.874 

Standard 
deviation 

0.93 0.93 0.72 0.66 0.22 0.36 0.17 0.01 5.64 0.02 0.73 1.35 0.935 

Sd 0.38 0.38 0.29 0.27 0.09 0.15 0.07 0.01 2.30 0.01 0.30 0.55 0.382 
CV% 1.08 6.72 1.05 6.46 5.25 15.07 12.34 1.08 1.49 1.49 1.11 2.01 1.113 
DSL 5% 0.84 0.84 0.65 0.59 0.20 0.32 0.15 0.01 5.07 0.02 0.66 1.21 0.840 
DSL 1% 1.18 1.18 0.91 0.83 0.28 0.46 0.21 0.02 7.17 0.03 0.93 1.72 1.187 
DSL 0.1% 1.69 1.69 1.31 1.19 0.41 0.65 0.30 0.02 10.23 0.04 1.33 2.45 1.695 

 

 

Results of pesticides residues 
Establishing that a plant protection product poses  

a low risk to human and animal health is of paramount 
importance in order to successfully register and market 
the product on a global basis (MORGERA & al [35]). 

Restrictions on the use of chemicals or other 
substances are a key requirement for organic production 
methods (ZANG and BERKELEY [45]). Residue testing 
can provide evidence, when there is uncertainty, about  
the use of unauthorized substances, such as banned 
pesticides, genetically modified organisms, food additives 
or medicinal substances. Residue testing is one of the 
tools available to control bodies to ensure that organic 
production rules, as specified in the various regulations, 
are in line with the principles of organic farming 
(IFOAM [21]).  

The applicable regulations do not provide for a 
minimum number of laboratory tests, but only the 
obligation to perform these tests when there are suspi-
cions that unauthorized products have been used in 
organic production or the production is marketed. 
Traceability is mentioned as one of the important 
elements in ensuring consumer.  

It makes it possible to verify whether all operators 
involved in all stages of production, preparation and 
distribution apply the EU requirements for organic 
production (REG. (EC) 834 [12]).  

When non-compliance is identified, traceability 
makes it possible to identify the source and isolate the 

problem, thus preventing the products in question from 
reaching consumers. At EU level, no criteria are set for 
pesticides to be included in these checks or the sensitivity 
of the methods (EU COMMISSION [13]).       

Maximum pesticide residue limits (MRLs) that 
specify the maximum concentration of a pesticide in 
conventional products have been regulated by many 
countries in order to promote good agricultural practice 
guidelines (GAPs) (EU COMMISSION [13]).  

Pesticide residue testing is an aspect of official 
controls on organic production (SANTE 8986/2006 [41]). 
The control authorities or control bodies must take and 
analyse samples for detecting products not authorised  
for organic production, for checking production techni-
ques not allowed under organic production rules or  
for detecting possible contamination by products not 
authorised for organic production (SANTE 8986/2006 
[41]). The number of samples to be taken and analysed  
by the control authority or designated control body 
every year shall correspond to at least 5% of the number 
of operators under its control (REGULATION (EC)  
NO 889 [14]). 

In the case of our research, as shown in the following 
table, was not detected any pesticide residue in any 
sample of organic maize. These results confirm that 
farmers comply with the rules and principles of organic 
farming and only products that meet the standards 
approved by the legislation in force are used in maize 
cultivation technology. 

 

 

Table 3. Results of pesticides residues for organic maize grains (mg kg-1), in 2016-2018 period 

Pesticides residues Farm  
number 1 

(Vaslui 
county) 

Farm  
number 2 

(Arad  
county) 

Farm  
number 3 

(Teleorman 
county) 

Farm  
number 4 

(Bihor  
county) 

Maximum residue 
levels for conventional 

products  
(EU Pesticides 

Databases) 

Glyphosate Not detected Not detected Not detected Not detected 1.0 

Glufosinate-ammonium (sum of 
glufosinate, its salts, 1-methyl-4-
phenylpyridinium (MPP) and NAG 
(N-Acetyl-Glufosinate) expressed 
as glufosinate equivalents) 

Not detected Not detected Not detected Not detected 0.1 

Acid Aminomethylphosphonic  Not detected Not detected Not detected Not detected 0.5 

Chlormequat (sum of chlormequat 
and its salts, expressed as 
chlormequat-chloride) 

Not detected Not detected Not detected Not detected 0.01 

Mepiquat (sum of mepiquat and its 
salts, expressed as mepiquat 
chloride) 

Not detected Not detected Not detected Not detected 0.02 
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Results of mycotoxins 
Our research has followed the contamination of 

mycotoxins, over a period of three years, in organic maize 
samples collected at the harvest of some location with 
favorable conditions for the maize growing. 

According to the scientific literature, the main 
pathogens producing mycotoxins of maize grains are: 
Aspergillus spp. and Fusarium spp. (DEI [6]). The myco-
toxins produced by these fungi are: B1 Aflatoxin produces 
by Aspergillus flavus and A. parasiticus produces complex 
of B1, B2 and G1 and G2 Aflatoxins; Fumonisins, Deoxy-
nivalenol (DON) (Vomitoxin) and Zearalenone produces 
by several species of Fusarium spp., as Fusarium 
graminearum, F. culmorum and F. verticillioides,  
F. proliferatum. The maximum risk level of B1 Aflatoxin  
in animal feeds is 5-50 μg kg-1, set by the EU standards  
(EU DIRECTIVES, [15]). The maximum risk level of 
Fumonisin in maize grain or flour is 2000-4000 µg kg-1 
(FAO/WHO [16]). Droughts, supply of nutrients, mono-
culture or insect attack are favorable causes for the 
development of these very dangerous pathogens that can 
cause serious harm to consumers (FAO/WHO [16]). High 
temperatures and high humidity of maize grains after 
harvesting could favor the development of the fungus 
(ROMAN & al [38]). 

The results present in Table 4 showed that no 

compounds were detected in the organic maize samples  

of Teleorman and Arad counties, in any year of research. 

For 2016 year, for Vaslui County farm, it was detected:  

B1 Aflatoxin (2 µg g-1) and B1+B2+G1+G2 Aflatoxin (2 µg g-1), 

B1+B2 Fumonisin (992 µg g-1), Deoxynivalenol (DON)  

(0.7 µg g-1). Also, in 2016 year, the farm from Bihor county 

was detected all five types of mycotoxins: B1 Aflatoxin – 

1.7 µg g-1, B1+B2+G1+G2  Aflatoxin - 3.7 µg g-1, B1+B2 

Fumonisin – 786 µg g-1, Deoxynivalenol (DON) – 26 µg g-1, 

and Zearalenone – 1.2 µg g-1. The content of these myco-

toxins no exceeded of the EU limits, and values have been 

very low. In 2017 and 2018, there are some discussions 

with farmers by causes which led to these results and 

possible measures to prevent and reduce risk of the fungi 

appearance. Par example, more care for: crop rotation, soil 

tillage and introduction into the soil of the vegetal residues 

with risk of contamination from the previous crops; 

treatment of seeds; balanced fertilisation; insect attack 

control; appropriate harvesting; controlling the mold 

infestation by cultivation technologies of maize, before 

harvesting, storage and processing of grains.  

 

 

Table 4. Results of mycotoxins for organic maize grains (µg/kg), in 2016-2018 period 

The mycotoxin Farm 
number 1 

(Vaslui 
county) 

Farm 
number 2 

(Arad 
county) 

Farm  
number 3 

(Teleorman 
county) 

Farm 
number 4 

(Bihor 
county) 

Maximum level  
of mycotoxins 
(Commission 

Regulation (EC)  
No 1058/20 of  

19 December 2006) 
2016 

Aflatoxin B1 2 Not detected Not detected 1.7 2.0*  
Aflatoxin 
B1+B2+G1+G2 

2 Not detected Not detected 3.4 4.0*  

Fumonisin B1+B2 992 Not detected Not detected 786 4000** 
Deoxynivalenol (DON)    0.7 Not detected Not detected 26 1750** 
Zearlenon Not detected Not detected Not detected 1.2 350** 

2017 
Aflatoxin B1 Not detected Not detected Not detected Not detected 2.0*  
Aflatoxin 
B1+B2+G1+G2 

Not detected Not detected Not detected Not detected 4.0*  

Fumonisin B1+B2 Not detected Not detected Not detected Not detected 4000** 
Deoxynivalenol (DON)    Not detected Not detected Not detected Not detected 1750** 
Zearlenon Not detected Not detected Not detected Not detected 350** 

2018 
Aflatoxin B1 Not detected Not detected Not detected Not detected 2.0*  
Aflatoxin 
B1+B2+G1+G2 

Not detected Not detected Not detected Not detected 4.0*  

Fumonisin B1+B2 Not detected Not detected Not detected Not detected 4000** 
Deoxynivalenol (DON)    Not detected Not detected Not detected Not detected 1750** 
Zearlenon Not detected Not detected Not detected Not detected 350** 

*All cereals and all products derived from cereals, including processed cereal products, with the exception of foodstuffs 
**Unprocessed maize with the exception of unprocessed maize intended to be processed by wet milling 

 

 

Results of nitrate and nitrite 
Another group of contaminants analysed in organic 

maize samples were the nitrates and nitrites contents, which 
consists of the components in the excessive use of fertilizers. 

Nitrates have low toxicity, but they, in the human 
body, following the activity of the enzyme nitrate reductase, 
are converted into nitrites and nitrosamines, highly toxic 
compounds with carcinogenic action, mutagenic and embryo 
toxic (EU COMMISSION [11]). According to the FAO, the 

amount of nitrate tolerated by the adult human is a Maxi-
mum Risk Level (MRL) of 50 mg kg-1 body weight day-1 
(FAO [17]). Ezeagu, in 2006, tested the level of nitrates 
and nitrites in three varieties of food grains, including 
maize grains. The results demonstrated the presence in 
the amount of 1000.0 mg kg-1 nitrate, and 0.106 mg kg-1 
nitrite in maize grains (EZEAGU [8]). The source of nitrate 
pollution of agri-food products, which have as raw material 
vegetable production, are mineral fertilizers and also, 

https://en.wikipedia.org/wiki/Aspergillus_flavus
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organic manure, with a high nitrogen (the main element  
in the composition of nitrates) content. These substances, 
which are considered the main nutrients for plants, when 
used irrationally, pollute products and endanger human 
health (BLUMENTHAL & al [5]). 

Compliance with maximum levels of nitrates can be 
reasonably obtained by compliance good agricultural prac-
tices. In order to ensure safety, food products with excesses 
of MRL cannot be admitted to the market as such, no mixed 
with other products, no used as ingredients in food. 

The nitrates and nitrites contents in the maize grains 
tested in the 4 regions of the country are shown in Table 5. 
It can be seen, only in 2016, in tree farms recorded nitrates 
values between 5.1 and 6 mg kg-1. No nitrates or nitrites 
were detected in the other samples, in 2017 and 2018. This 
shows that organic farmers generally comply with the rules 
for the application of fertilizers in organic farming, but 
better management of soil nitrogen must be considered, 
taking into account the dynamics of this nutrient in the 
agricultural ecosystem of which the soil and crops are parts.  

 

 

Table 5. Results of nitrates and nitrites content of organic maize grains, 2016-2018 period 

Nitrates/nitrites 
content 

Farm  
number 1 

(Vaslui  
county) 

Farm  
number 2 

(Arad  
county) 

Farm  
number 3 

(Teleorman 
county) 

Farm  
number 4 

(Bihor 
county) 

Maximum Allowed Limit  
(EU Nitrates Directive 91/676/EEC 

and WHO, 1998) 

2016 
Nitrates  
(mg kg-1) 

5.1 5.1 6.0 Not detected 50 mg kg-1 

Nitrites 
(mg kg-1) 

Not detected Not detected Not detected Not detected 1 mg kg-1 

2017 
Nitrates   
(mg kg-1) 

Not detected Not detected Not detected Not detected 50 mg kg-1 

Nitrites 
(mg kg-1) 

Not detected Not detected Not detected Not detected 1 mg kg-1 

2018 
Nitrates 
(mg kg-1) 

Not detected Not detected Not detected Not detected 50 mg kg-1 

Nitrites 
(mg kg-1) 

Not detected Not detected Not detected Not detected 1 mg kg-1 

 

 

 

Conclusion 

This research has demonstrated the comparable 
quality of organic maize from Romania with international 
standards in the field. 

It was also found that farmers comply with the rules 
imposed by the organic cultivation of maize, regarding the 
use of chemical fertilizers and plant protection products.  

At the same time, in some years (high humidity at 
harvest, repeated fertilization), some aspects related to the 
maximum limits allowed for some harmful substances, 
such as mycotoxins, nitrates or nitrites, are reported. All 
values resulting from these substances have been shown  
to be much lower than industry standards. However, in 
the future, more attention is needed in preventing these 
problems and monitoring them permanently. As a result, 
organic corn can be successfully included in animal and 
human rations. 

The high protein content is noticeable, which makes 
organic maize grains a valuable raw material that can be 
successfully included in animal and human nutrition. 
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CHEMICAL COMPOSITION AND YIELD QUALITY OF 
PSEUDOCEREALS UNDER ROMANIAN AGRICULTURAL 

CONDITIONS 
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Abstract  The object of this paper was to study the chemical composition and yield quality of pseudocereal 
species: amaranth (Amaranthus cruentus, A. hypochondriacus, A. caudatus), quinoa (Chenopodium quinoa), 
and buckwheat (Fagopyrum esculentum), grown on the South Romanian Plain. Analyses of the chemical 
composition and yield quality of different Amaranthus species gave the following values: for Amaranthus 
cruentus - proteins 15.37-15.80%; starch 60.87-61.70%; lipids 6.00-6.14%; fibre 2.22-2.24%; minerals 2.61-
2.68%; for A. hypochondriacus - proteins 15.84-16.95%; starch 61.32-62.02%; lipids 5.41-5.56%; fibres 4.13-
4.68%; minerals 2.80-3.67%; for A. caudatus - proteins 14.43-14.60%; starch 59,97-60,50%; lipids 6.24-
6.50%; fibres 3.16-5.55%; minerals 2.9-4.76%. The richness in proteins and lipids should be noted for all the 
Amaranthus species, the contents being higher in comparison with those of cereal crops. For quinoa grains, the 
average chemical composition was as follows: proteins 14.70-16.71% (superior to cereals); starch 60.40-
65.44%; lipids 5.31-5.80%; fibres 2.11-2.18%; minerals 2.09-2.89%. The chemical composition of buckwheat 
grains was: 14.32-16.03% proteins; 63.56-67.87% starch; 3.18-3.95% lipids; 9.84-10.37% fibres; 2.08-2.58% 
minerals. It should be pointed out for all pseudocereals that the protein contents (over 14.3%, and over 16% for 
the best variants) were superior to those of cereals (10-14%) and that the lipid contents were also higher (over 
5%) by comparison with cereals (1.5-2%). 

Key words: pseudocereals, chemical composition, nutritional value. 

Introduction  

At present, researchers’ attention is focused on the exploitation of alternative crops or 
underutilized species - pseudocereals - for different uses. These crops have an important 
role in the development and diversification of agricultural products and food, and for the 
development of a sustainable agriculture which is a priority trend for Romanian 
Agriculture in the context of European and world agriculture.  
Pseudocereals belong to other botanical family as cereals: amaranth (Amaranthus 
cruentus, A. hypochondriacus, A. caudatus), to Amaranthaceae Family, quinoa 
(Chenopodium quinoa), to Chenopodiaceae Family, buckwheat (Fagopyrum 
esculentum) – to Polygonaceae Family, but the utilization of their grains is the same as 
for cereals.  
These species requirements for growing conditions, are not exigent (for fertilization, 
tolerance of pests and insects), and so they need low inputs. As they can survive and 
produce in areas of less favourable conditions, these crops can be a solution for organic 
agriculture. Their high content in proteins, essential aminoacids, and minerals leads to an 
improved dietary composition of the processed products, and their nutritional value is 
beneficial to human health. Either alone or as mixture with other cereals, they can 
improve the technological or use qualities. Generally, they have promising nutritional, 
economic and industrial importance for a variety of purposes for humankind.  

Materials and methods 

This research has been focused to determine the chemical composition and yield quality 
of some pseudocereals - amaranths species, quinoa and buckwheat by comparison with 
two major cereals - wheat and maize. All grains come from Moara Domneasca 
Experimental Field of the Bucharest Field Crops Department situated in the South Part 
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of Romanian Plain. Chemical analyses were made in the Yield Quality Laboratory of the 
Field Crops Department, Faculty of Agriculture, University of Agronomic Sciences and 
Veterinary Medicine Bucharest, with a spectrophotometer NIR, Instalab 600. This 
equipment uses the infrared technology for determination of different chemical 
compounds of grain product. The calibration of spectrophotometer was effectuated by 
the Metron Group Laboratory from Novi Sad. There were performed following chemical 
analysis: starch, proteins, lipids, fibre and minerals. 

Results and discussion  

Table 1 shows the chemical composition of pseudocerals regarding main components 
comparated to wheat and maize grains. Some components are higher in content that 
those of cereals species, of which wheat and maize are given as the main reprezentive. 
Nutrional value of pseudocerelas is thus very high.  

Table 1. Chemical compositions of amaranthus, quinoa, and buckwheat compared to wheat and maize 
(% dry mass) 

Crops Starch Proteins Lipids Fibre Minerals 
Amaranthus 

cruentus 
60.87-61.70 15.37-15.80 6.00-6.14 2.22-2.24 2.61-2.68 

A. 
hypochondriacus 

61.23-62.02 15.84-16.95 5.41-5.56 4.13-4.68 2.80-3.67 

A. caudatus 59.97-60.50 14.43-14.60 6.24-6.50 3.16-5.55 2.9-4.76 
Chenopodium 

quinoa 
60.40-65.44 14.70-16.71 5.31-5.80 2.11-2.18 2.09-2.89 

Fagopyrum 
esculetum 

63.56-67.87 14.32-16.03 3.18-3.95  9.84-10.37 2.08-2.58 

Triticum aestivum 60.45-63.31 12.01-12.20 1.37-1.39 1.85 – 2.09 1.21-1.68 
Zea mays 65.4-67.77 9.17-9.57 3.78-4.14 1.10-1.22 0.69-1.77 

 
The carbohydrates are a source of energy for human and animal organisms. In the 
present research, starch content was found in the following values: for winter wheat 61-
63%, for maize 65.4-67.77%, and for pseudocereals: amaranth 60-62%, quinoa 60-65%, 
buckwheat 63-65%,  therefore, the content was at the same level as in the cereals grains. 
The protein content for pseudocereals was over 14% and over 16% for the best variants 
by comparison with cereals content, 12% for winter wheat and less than 10% for maize. 
So, the protein content of pseudocereals was higher than cereals species. But important 
is the quality of the protein too. In this respect, as other research reported pseudocereals 
have an higher content of some essential aminoacids by comparasion with cereals (i.e. 
lysine, over 5%) (Koziol, 1997). On the other hand, as they contain only a very low 
amount of prolamins in comparison with wheat grains, pseudocereals are suitable for the 
diets of persons suffering from celiac disease (Berghofer, Schoenlenchner, 2007) 
Pseudocereals are richer in lipids than the cereals. So the values of the lipids content 
were about 5% for quinoa, 5-6% for amaranth, by comparation with 1.8-2.6% for wheat.  
In additions, the minerals (Ca, Mg, K, Fe) of pseudocereal grains have a higher value 
than in cereals grains (i.e. pseudocereals 2-10%, respectively, winter wheat and maize 1-
2%).  

Conclusions 

As a consequence of our research regarding of chemical composition of pseudocereals, 
following conclusions may be emphasized as important: 
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There are remarked the superior values of the protein content for pseudocereals - over 
14% and over 16% for the best variants, in comparison with cereals (9.17-12.20%). The 
lipids content was higher (over 5%) by comparison with cereals (1.37-4.14%) and, also, 
the minerals content of pseudocereals was higher too (2.08-4.47%) comparated to winter 
wheat and maize grains (0.69-1.77%). In this way, in a more wider vision, they can 
contribute to food nutrional value and may become more attractive for consumers.  
In conclusion, the pseudocereals may have a positive contribution by increasing the food 
nutrional value, the diversity of the farm's income base, spreading out risks, reducing 
weaknesses in the farm system, or broadening the base of operations.  
Pseudocereals species, strongly promoted by scientific trends which support biodiversity 
and organic agricultural system may contribute to the diversification of agricultural 
crops and agroalimentary products, with a source of food rich in proteins, lipids and 
minerals.  
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Abstract 

The paper present the results of the research made in 2007-2009 period regarding 

chemical composition and nutritional value of some alternative crops promoted in organic 

agriculture: pseudocereals (amaranthus, quinoa, and buckwheat), grain legumes (faba 

bean, chickpea, and lentil) and oil seeds (safflower, camelina, and oil  flax). 
In average, the chemical composition of these crops cultivated in Moara Domneasca 

Training and Experimental Farm was the following: for pseudocereals – 64.32-66.87% 

glucides; 16.03-16.71% proteins; 3.53-4.91% lipids; 2.31-2.89% minerals; for grain 

legumes – 33.29-63.90% glucides; 21.23-22.18% proteins; 3.03-4.40% lipids; 3.41-5.85% 

minerals; for oil crops – 26.41-36.27% glucides; 12.60-22.56% proteins; 28.38-34.10% 

lipids; 3.60-5.25% minerals. It is important to point out the nutritional values of tested 

alternative crops as mean to supplement and to diversify the common human diet: 

pseudocereals as sources rich in glucides and proteins (and lipids too); the grain legumes 

as sources rich in proteins, glucides (and minerals too); oil crops as sources rich in  lipids 

and proteins (and glucides too).  

INTRODUCTION 

Some various factors have stimulated interest of specialists in crop diversification 

in recent years: instability of commodity prices decreased or eliminated farm 

subsidies, increased pesticide-resistance in damaging organisms, and losses in 

genetic biodiversity. At the same time, consumer dietary changes have generated 

new markets for alternative food products [2]. 

Risk reduction through diversification (related to climatic and biotic factors, 

particularly in fragile ecosystems and commodity fluctuations) by expanding 

locally adapted or introducing new species and related production systems, will 

contribute to improved food security and income generation for resource poor 

farmers and protect the environment.  
To increase income the farmer needs a higher value product that can be obtained by 
adding value to primary or secondary products. Fruits, vegetables, herbs and 
spices, flavourings, natural colourants, medicinal plants and others all offer an 
opportunity for farmers to produce higher value products. Nevertheless, 
introducing new crops on their own is unlikely to be successful as the whole 
technological and commercial package needs to be introduced at the same time. 
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Alternative field crops are categorized as: pseudocereals and less common cereals 

(amaranth, quinoa, buckwheat, teff, finger millet, pearl millet, foxtail millet, wild 

rice); grain legumes (varieties of dry beans and dry peas, faba bean, chickpea and 

lentils); oilseeds (camelina, canola, crambe, cuphea, jojoba, lesquerella, 

meadowfoam, perilla, sesame, safflower); industrial crops (euphorbia, fanweed, 

gopher plant, vernonia); and fiber crops (kenaf, milkweed) [2]. 

Feasibility of a specific crop depends on a number of factors including the 

suitability of the crop for local growing conditions. Climate, soil characteristics, 

and pest problems affect crop productivity. 

Alternative crops could play a huge role in the world's food supply. They may be 

less important in comparison to the major crops but they offer much needed 

nutritional value and variety needed in the diet. Studying of nutritional value of the 

alternative crops in organic farming conditions arising from the very special role it 

occupies at present this system of agriculture and these plants in the world, Europe 

and Romania, both in the development of biodiversity, environmental protection, 

and food diversification. 

MATERIAL AND METHODS 

The alternative crops that have been investigated are the following: pseudocereals 

(amaranthus, quinoa, and buckwheat), grain legumes (faba bean, chickpea, and 

lentil), oil seeds (safflower, camelina, and oil flax). 

The biologic material for studies comes from Moara Domneasca Experimental 

Field in the years 2007-2009.  

The biochemical compounds (glucides, starch, proteins, lipids and minerals) have 

been determinated by using the common chemistry laboratory methods: for 

glucides, Bertrand Method; for proteins, Kjeldahl Method; for lipids, Soxhlet 

Method; for minerals, Spectrophotometrie Method.  

RESULTS AND DISCUSSION 

After their role in metabolism, useful substances in food, the human body needs, is 

divided into several groups: substances with energy by oxidation in the body which 

provide necessary heat and energy expenditure due to life processes work, such 

substances are mainly fat and glucides; substances with plastic, regenerative cells 

and tissues, such as proteins; substances with a catalytic role, such as vitamins and 

minerals; substances sensory role, which impresses the senses.  

In the scientific literature in the fields of biochemistry and food hygiene, food 

technology and merceology, nutritional value is often presented as percentage of 

chemical composition, underlining the presence of one or other of component 

(glucides, proteins, lipids, minerals, etc.) or/and sometimes accompanied by the 

potential energy expressed in kcal/100 g product [5].  
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Chemical composition and nutritional value of pseudocereals. The glucides 

content of pseudocereals grains oscillated between 64.32% at quinoa and 66.86% 

at amaranthus. On protein content, as can be seen in table 1, all three crops had 

similar content, over 16%, higher content in comparison with safflower (12.6%). 

There are remarked the higher values of lipids content (over 3.5%) and over 5% for 

the best variants, in comparison with grain legumes (3-4%). The average energy 

value of pseudocereals was around 376 kcal/100 g, similar with the grain legumes 

(340 kcal/100 g). 

Table 1 

Nutritional values of alternative crops 

(Moara Domneasca Experimental Field, 2007-2009) 

 

Alternative 

crops 
Species 

Glucides 

(g/100g) 

Proteins 

(g/100g) 

Lipids 

(g/100g) 

Minerals 

(g/100g) 

Energy 

value 

(kcal/100 

g) 

Amaranthus 

spp. 

66.87 16.47 4.91 2.61 389.97 

Quinoa 64.32 16.71 5.80 2.89 389.06 

Pseudocereals 

Buckwheat 65.50 16.03 3.53 2.31 351.05 

Faba bean 63.90 21.50 4.40 5.85 396.58 

Chickpea 56.20 21.23 4.31 3.41 360.95 

Grain 

legumes 

Lentils 33.29 22.18 3.03 4.00 259.60 

Safflower 26.41 12.60 28.38 3.60 426,73 

Camelina 36.27 20.43 31.75 4.28 532.02 

Oil crops 

Oil Flax 27.73 22.56 34.10 5.25 528.56 

 

Chemical composition and nutritional value of grain legumes. About content in 

glucides, lower content was analyzed at lentils, only 33.23% compared with the 

other two legumes species, faba bean and chickpea, which had 63.90%, 

respectively 56.20%. Protein contents were around 21%, comparatively with two 

alternative oil crops, flax and camelina. The lipids content oscillated between 

3.03% at lentil and 4.40% at faba bean. The highest minerals content was analyzed 

at faba bean (5.95%), and the lowest at chickpea (3.41%). According with these 

results, the highest energy value registered at faba bean, with 396.58 kcal/100 g. 

Chemical composition and nutritional value of oil crops. After analyzing the 

chemical composition of oilseed species, lowest glucides content was recorded in 

the safflower (26.41%), and higher values were determined at camelina (over 

36%). The highest proteins content found at flax seeds with 22.56% and lowest 

values were determined at safflower seeds with 12.60%. Camelina had 
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intermediate contents of 20.43%. The lipid content varied between 28.38% and 

34.10%, the average being 31.24%. The lowest content was indentified at 

safflower, and the higher at flax. Minerals content varied between 3.60% at 

safflower and 5.25% at oil flax. 

The nutritional value of oil crops seeds was as follows: 426.73 kcal/100 g at 

safflower, 528.56 kcal/100 g at camelina and 532.02 kcal/100 g at oil flax. 

CONCLUSIONS 

1. After research carried on Moara Domneasca Farm, the results of 

pseudocereals chemical composition are as follows: 64.32-66.87% glucides; 

16.03-16.71% proteins; 3.53-4.91% lipids; 2.31-2.89% minerals. 

2. For grain legumes were recorded following data: 33.29-63.90% glucides; 

21.23-22.18% proteins; 3.03-4.40% lipids; 3.41-5.85% minerals. 

3. In the sames conditions, the chemical composition of oil crops was: 26.41-

36.27% glucides; 12.60-22.56% proteins; 28.38-34.10% lipids; 3.60-5.25% 

minerals.  

4. The study of the nutritional value of alternative crops in organic farming 

conditions evidenced the very special role which should they occupy in the 

development of biodiversity, environmental protection, and diversification of 

food. 

5. Organic agriculture could ensures that agriculture’s natural base remains 

productive and agricultural production can be competitive in the future and 

that farming works to promotes positive environmental impact. 
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 
Abstract—Crops diversity and maintaining and enhancing the 

fertility of agricultural lands are basic principles of organic farming. 
With a wider range of crops in agroecosystem can improve the ability 
to control weeds, pests and diseases, and the performance of crops 
rotation and food safety. In this sense, the main objective of the 
research was to study the productivity and chemical composition of 
some alternative crops and their adaptability to soil and climatic 
conditions of the agricultural area in Southern Romania and to 
cultivation in the organic farming system. The alternative crops were: 
lentil (7 genotypes); five species of grain legumes (5 genotypes); four 
species of oil crops (5 genotypes). The seed production was, on 
average: 1343 kg/ha of lentil; 2500 kg/ha of field beans; 2400 kg/ha 
of chick peas and blackeyed peas; more than 2000 kg/ha of atzuki 
beans, over 1250 kg/ha of fenugreek; 2200 kg/ha of safflower; 570 
kg/ha of oil pumpkin; 2150 kg/ha of oil flax; 1518 kg/ha of camelina. 
Regarding chemical composition, lentil seeds contained: 22.18% 
proteins, 3.03% lipids, 33.29% glucides, 4.00% minerals, and 259.97 
kcal energy values. For field beans: 21.50% proteins, 4.40% lipids, 
63.90% glucides, 5.85% minerals, 395.36 kcal energetic value. For 
chick peas: 21.23% proteins, 4.55% lipids, 53.00% glucides, 3.67% 
minerals, 348.22 kcal energetic value. For blackeyed peas: 23.30% 
proteins, 2.10% lipids, 68.10% glucides, 3.93% minerals, 350.14 kcal 
energetic value. For adzuki beans: 21.90% proteins, 2.60% lipids, 
69.30% glucides, 4.10% minerals, 402.48 kcal energetic value. For 
fenugreek: 21.30% proteins, 4.65% lipids, 63.83% glucides, 5.69% 
minerals, 396.54 kcal energetic value. For safflower: 12.60% 
proteins, 28.37% lipids, 46.41% glucides, 3.60% minerals, 505.78 
kcal energetic value. For camelina: 20.29% proteins, 31.68% lipids, 
36.28% glucides, 4.29% minerals, 526.63 kcal energetic value. For 
oil pumpkin: 29.50% proteins, 36.92% lipids, 18.50% glucides, 
5.41% minerals, 540.15 kcal energetic value. For oil flax: 22.56% 
proteins, 34.10% lipids, 27.73% glucides, 5.25% minerals, 558.45 
kcal energetic value.  

 
Keywords—Adaptability, alternative crops, chemical 

composition, organic farming productivity.  
 

I. INTRODUCTION 

N global agricultural policies there is concern to find new 
solutions to problems created by intensively farming 
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techniques of plant and animal growth, to reduce biodiversity 
related to the vagaries of climate and biotic factors particularly 
in fragile ecosystems, to maintain and to improve food 
security and income for poor farmers and subsistence farming. 
To increase farmers' income requires higher value products 
which may be obtained by adding value to primary or 
secondary products. Introduction in the farms of alternative 
crops and marketing their products can be of real help for 
farmers and consumers. They may be the way to get food 
production of high biological quality, and it can represent a 
special "niche" for food market [1].  

In many cases, these "alternative crops" called "neglected" 
or "underutilised" are the only ones that can survive harsh 
climatic conditions, unsuitable for other crops that can assure 
good yields. In this way, they would contribute significantly to 
biodiversity and to achieve more stable agro-ecosystems [2]. 

Knowing the nutritional value of alternative food crops, is 
very important to provide decision support to producers and to 
motivate consumers to buy such products.  

The method of cultivation (including fertilisation, weeds, 
pests and diseases control) is only one influence on the 
nutritional quality of a crop. Also known to affect the crop’s 
quality are factors such as geographical area, soil type, soil 
moisture, plant variety, weather and climatic conditions, 
pollution, length of growing season, and post-harvest 
handling. As many of these factors are beyond the farmer’s 
control, the method of agricultural practice employed emerges 
as a significant controllable influence on the quality of a 
farm’s produce, though clearly other controllable factors such 
as variety and irrigation/soil moisture can also have significant 
impacts [3]. 

Importance of these species results from seeds chemical 
composition and nutrition value - high contents in proteins and 
essential aminoacids, mineral elements, lipids - and from the 
fact they do not have special claims concerning growing 
conditions, presenting tolerance to diseases and pests, and 
being able to grow in some harsher climates [4]. On other 
hand, an important objective of Organic Farming is to 
maintain and enhance the fertility of the agricultural lands. 
Therefore, focus is placed upon crop rotation, diversified 
agricultural crops, increasing pulses crops (peas, beans, 
soybeans, etc.) and fodder legumes acreage (alfalfa, clover, 
vetch+oats), increasing green-fertiliser crops (such agricultural 
crops as lupine, a plant whose biological yields is incorporated 
into the soil), the employment of the residues from agricultural 
crops as a source of organic matter for the soil, the 
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employment of the animal waste from farms as organic 
fertilizers [5]. In this context, the present situation of 
Romanian economy and agriculture is very favorable for the 
extension of the Organic Farming sector. The Romanian 
agriculturists are interested to produce such kind of 
marketable agriculture products and food for domestic and 
external market.  

II. MATERIAL AND METHOD 

The main objective of the research was to study the 
productivity, chemical composition and yield quality of some 
alternative crops and their adaptability to soil and climatic 
conditions of the agricultural area in Southern Romania and to 
cultivation in the organic farming system. 

Research has been organized in 2009-2011 at Moara 
Domneasca Experimental Field, located on reddish 
preluvosoil, for some species of legumes and oil crops. The 
experiment was organized based on the multi-stage block 
method with randomized variants, in 4 replications. 

The research was set up three field experiments, 
respectively: an experiment of 7 lentil genotypes („Beluga”, 
„Sorte du Puy”, „Laird” (Turkey), „Richlea” (France), 
„Masoor” (Turkey), „Eston” (Greece), local genotype „De 
Moara Domnească” (Romanian genotype); an experiment of 
five species of grain legumes (5 genotypes) (field beans, 
Greek genotype; chick peas, Greek genotype; adzuki bean, 
German genotype; black-eyed pea, Slovenian genotype; 
fenugreek, Romanian genotype); an experiment with four 
species of oil crops (4 genotypes) (camelina, Romanian 
genotype; oil flax, Romanian genotype; safflower, German 
genotype; oil pumpkin, Slovenian genotype.  

Seeds came from organic crops from Romania and other 
European countries, and growing technology was in 
conformity for organic farming system. 

The biochemical compounds (glucides, proteins, lipids and 
minerals) have been performed by using the specific chemistry 
laboratory methods: for glucides, Bertrand Method; for 
proteins, Kjeldahl Method; for lipids, Soxhlet Method; for 
minerals, Spectrophotometrie Method.  

The results were statistically processed by variance 
analysis. 

III. RESULTS AND DISCUSSIONS 

Feasibility of a specific crop depends on a number of 
factors including the suitability of the crop for local growing 
conditions. Climate, soil characteristics, and damaging 
organisms problems affect crop productivity [6]. 

Alternative crops could play a huge role in the world's food 
supply. They may be less important in comparison to the 
major crops but they offer much necessary nutritional value 
and diversity needed in the diet. Studying of nutritional value 
of the alternative crops in organic farming conditions arising 
from the very special role it occupies at present this system of 
agriculture and these plants in the world, Europe and 
Romania, both in the development of biodiversity, 
environmental protection, and food diversification [4]. 

Regarding to results of lentils the yields of the three 
experimental years illustrates in Table I, prove the suitability 
of natural conditions in the area and good productivity of 
organic lentils. Seed production was on average 1343 kg/ha, 
the limits of variation is 1190 kg/ha for Beluga genotype and 
1468 kg/ha for Laird genotype. The most productive 
genotypes were found to be Richlea and Laird genotypes, who 
gave average yields of 1486 kg/ha and 1402 kg/ha. 

 

 

Fig. 1 The lentil genotypes experiment  
(Moara Domneasca Experimental Field, 2009)  

 
TABLE I 

SEEDS YIELDS OF LENTIL GENOTYPES 
(MOARA DOMNEASCA EXPERIMENTAL FIELD, 2009-2011) 

Genotypes 
Grain yields Differences 

(kg/ha) 
Significance 

kg/ha % 

Beluga 1190 88.60 -153 ooo 

Sorte du Puy 1310 97.54 - 33 oo 

Masoor  1290 96.05 -53 ooo 

Richlea  1402 104.39 59 *** 

Laird  1468 109.30 125 *** 

Eston  1386 103.20 43 *** 

Moara Domnească  1361 101.34 18 - 

Average 1343 100.00 Control ─ 

LSD5%= 21.5 kg/ha    LSD1%= 30.1 kg/ha           LSD0,1%= 42.5 kg/ha 
  

Lentil seeds (Table II) contained on average: 22.18% 
proteins, 3.03% lipids, 33.29% glucides, 4.00% minerals and 
energy value was 259.97 kcal. The higher protein content were 
determined in the seeds of Richlea and Laird genotypes, 
respectively, 22.85% and 22.67%, and protein yields ranged 
from 248 kg/ha to 326 kg/ha, in average 286 kg proteins/ha. 

 
TABLE II 

LENTIL SEEDS CHEMICAL COMPOSITION (% D.M.) 
(MOARA DOMNEASCA EXPERIMENTAL FIELD, 2009-2011) 

Genotype Proteins Lipids Glucides Minerals 
Energetic value 

(kcal %) 
Beluga 21.78 3.25 32.98 4.11 259.02 

Sorte du Puy 21.14 3.40 33.57 4.04 255.86 

Laird 22.85 2.95 33.98 3.94 265.00 

Richlea 22.67 2.81 33.21 3.91 259.77 

Masoor 22.27 3.06 33.43 4.13 263.28 

Eston 22.34 3.02 32.87 4.07 258.92 
Moara 

Domneasca 
22.21 2.78 33.02 3.84 256.74 

Average 22.18 3.03 33.29 4.00 259.97 
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Lipids content ranged from 2.78% for Moara Domneasca 
genotype to 3.40% for Puy du Sort genotype and minerals 
content showed values ranging from 3.84% for Moara 
Domneasca genotype to 4.13% for Masoor genotype. 

Research has also demonstrated that in experimental area 
and in organic farming system, is possible to harvest yields of 
2500 kg/ha of field beans, 2400 kg/the of chick peas, 2393 
kg/ha of blackeyed peas, more than 2000 kg/ha of adzuki 
beans, and over 1250 kg/ha of fenugreek (Table III). 

 
TABLE III 

SEEDS YIELDS OF LEGUMES 
(MOARA DOMNEASCA EXPERIMENTAL FIELD, 2009-2011) 

Species 
Grain yields Diferences 

(kg/ha) 
 

Significance 
 kg/ha % 

Field beans 2500 118.48 390 *** 

Chick peas 2400 113.74 290 *** 

Blackeyed peas 2367 111.84 257 *** 

Adzuki beans 2000 94.78 -110 ooo 

Fenugreeak 1250 59.24 -860 ooo 

Average 2110 100.00 Control ─ 

LSD5%= 68 kg/ha      LSD1%= 103 kg/ha           LSD0,1%= 166 kg/ha 
 

 

Fig. 2 The legumes crops experiment  
 (Moara Domneasca Experimental Field, 2010)  

 
For other legumes, it can highlight that the proteins content 

was over 21%, the highest content was analized in blackeyed 
peas seeds (23.30%). The lipids content oscilated between 
2.10% at blackeyed peas and 4.65% at fenugreek. Highest 
glucides content and energetic value were recorded at adzuki 
bean of 69.30% and, respectively, 402.48 kcal%) (Table IV). 

 The research showed that oil crops in organic farming 
system can produce 2200 kg/ha of oil flax, 2150 kg/ha of 
safflower, 1518 kg/ha of camelina, 570 kg/ha of oil pumpkin, 
(Table V). 

Related to the chemical composition of oil crops yields 
(Table VI), at oil pumpkin was found a proteins content of 
29.5%; this species was followed by oil flax with 22.56% 
proteins, and the lowest values were determined for the 
safflower, of 12.60%. Camelina seeds had intermediate 
protein contents of 20.16%. Oil content of the studied species 
ranged between 28.37 and 36.92%. Slightly lower oil content 
resulted for safflower and camelina (28.63 and 31.61%), and 
the highest (34.10 and 36.92%), were registered for pumpkin 

and flax oil. 
 

TABLE IV 
LEGUMES SEEDS CHEMICAL COMPOSITION (% D.M.) 

(MOARA DOMNEASCA EXPERIMENTAL FIELD, 2009-2011) 

Genotype Proteins Lipids Glucides Minerals 
Energetic value 

(kcal %) 
Field beans 21.50 4.40 63.90 5.85 395.36 

Chick peas 21.23 4.45 53.00 3.67 348.22 
Blackeyed 

peas 
23.30 2.10 68.10 3.93 350.14 

Adzuki 
beans 

21.90 2.60 69.30 4.10 402.48 

Fenugreeak 21.30 4.65 63.83 5.69 396.54 

 
TABLE V 

SEEDS YIELDS OF OIL CROPS 
(MOARA DOMNEASCA EXPERIMENTAL FIELD, 2009-2011) 

Species 
Grain yields Differences 

(kg/ha) 
Signifi
cance kg/ha % 

Camelina 1518 94.32 -91.5 oo 
Oil flax 2200 136.69 590.5 *** 

Oil pumpkin 570 35.41 -1039.5 ooo 
Safflower 2150 133.58 540.5 *** 
Average 1609.5 100.00 Control ─ 

LSD5%= 55 kg/ha      LSD1%= 83 kg/ha           LSD0,1%= 133 kg/ha 
 

 

Fig. 3 The oil crops experiment 
(Moara Domneasca Experimental Field, 2011)  

 
Energy values of the oil crops ranged from 423.78 kcal at 

safflower to 558.45 kcal for flax oil. Oil pumpkin and 
camelina had intermediate energy values of 540.15 kcal, 
525.54 kcal respectively. 

 
TABLE VI 

OIL CROPS SEEDS CHEMICAL COMPOSITION (% D.M.) 
(MOARA DOMNEASCA EXPERIMENTAL FIELD, 2009-2011) 

Genotype Proteins Lipids Glucides Minerals 
Energetic value 

(kcal %) 
Camelina 20.16 31.61 36.30 4.30 525.54 

Oil flax 22.56 34.10 27.73 5.25 558.45 

Oil pumpkin 29.50 36.92 18.50 5.41 540.15 

Safflower 12.60 28.37 26.41 3.60 423.78 

IV. CONCLUSION 

Research carried out in 2009-2011 have shown the 
adaptability of legumes species (lentils, field beans, chick 
peas, blacheyed peas, adzuki beans, fenugreek) and oil crops 
(safflower, oil pumpkin, flax oil and camelina) in terms of 
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agricultural area in Southern Romania and possibility of these 
crops cultivation in organic farming system, in order to 
diversify the range of crops and achieve correct rotation in 
which legumes are particularly important as ameliorative 
crops. However, the introduction and these species expansion 
may contribute to the diversification of food and animal 
feeding. 

In today's world, professionals are increasingly turning 
attention more towards the study of plants less known and less 
commonly grown, but are possible alternatives to species 
already used. Thus, some oil crops (e.g. safflower, camelina, 
pumpkin, etc.) and some legumes (e.g. lentils, field beans, 
chick peas, etc.) less cultivated in the Romania can become 
alternatives by the important role in developing and 
diversifying agricultural production, the range of foods, in 
general, and for a sustainable agriculture. 
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