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Relationship between concentration of crude protein in
spring barley (Hordeum vulgare L.), white goosefoot
(Chenopodium album L.), charlock (Sinapis
arvensis L.) and prickly grass (Echinochloa crus-

galli (L.) Beauv.)
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Laboratory bioassay was carried out at the Laboratory of Agronomic and
Zootechnical Research of the Lithuanian University of Agriculture (Alek-
sandras Stulginskis University) at 54°89’N and 23°83’E during 2004-2005.
The field experiment from which plant samples were taken for the labora-
torial bioassay was performed in 2003-2004 in spring barley Aura crop
at the Experimental Station of the Lithuanian University of Agriculture at
54°52’N and 23°49’E.

The Lithuanian territory occupies an intermediate geographical posi-
tion between the west European oceanic climate and the Eurasian con-
tinental climate. Lithuania belongs to the western region of the Atlantic
Ocean continental climatic area with the average annual precipitation of
675 mm (572-978 mm) and temperature of 6-7 °C.

The change of crude protein concentration in weeds affects accumula-
tion of crude protein in spring barley. The aim of the experiment was to
establish the dependence of spring barley biomass crude protein concent-
ration on crude protein concentration in white goosefoot, charlock and
prickly grass biomass from the same agrophytocenosis. The plant biomass
taken from organic and conventional agriculture crops was evaluated for
crude protein concentration by the Kjeldahl method.

The highest concentration of crude protein in the biomass was estab-
lished in the conventional agriculture system: 20.5% in spring barley and
21.7% in white goosefoot, 20.5% in spring barley and 20.4% in charlock. In
the organic agriculture system, the highest concentration of crude protein
in the biomass was established in prickly grass (18.9%) and spring barley
(12.8%). The increase of crude protein concentration in white goosefoot,
charlock and prickly grass induced the crude protein concentration in-
crease in spring barley. The following relationship between the crude pro-
tein concentration was described by a linear correlation-regression anal-
ysis: in spring barley and white goosefoot r = 0.898 (p < 0.001), in spring
barley and charlock r = 0.909 (p < 0.05), in spring barley and prickly grass
r = 0.657 (p > 0.05). However, increase of the accumulated mass of crude
protein in white goosefoot decreased the accumulated crude protein mass in
spring barley: in the organic agriculture system y = 0.710-8.174 x,r = -0.74
(p < 0.01) and in the conventional agriculture system y = 0.856-0.834 x,
r = -0.07 (p > 0.05). The estimated negative dependence of the white
goosefoot crude protein mass on the spring barley crude protein mass was
in conformity with the Law of Crop Productivity.

Key words: competition, organic and conventional agriculture, Che-
nopodium album L., Echinochloa crus-galli (L.) Beauv., Hordeum vul-
gare L., Sinapis arvensis L., weeds
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INTRODUCTION

Fodders play a very important role in agricul-
ture. Fodders are a source of nutrition for ani-
mals. Proteins as well as carbohydrates and li-
pids are called fundamental nutrition matters
(Jeroch et al., 2010). They are macromolecular
organic compounds consisting of peptide con-
nections integrating amino acids (Jokubauskie-
né, 1998). In the experimental field study carried
analysing winter wheat and spring barley crop
weediness and nutrition matters assimilation by
plants, it was established that weeds accumulate
the most part of nutrition matters in the con-
ventional agriculture system (Auskalniené et al.,
2002). Crop plant maturity is also a very impor-
tant factor for nutrition accumulation. Spring
barley silage chemical composition depended on
the cereal stage of maturity (Pilipavicius, 2007).
The research data regarding the chemical compo-
sition demonstrated that the chemical composi-
tion of weeds is similar to that of spring barley
grains. However, weeds accumulate the greatest
amount of crude protein, 14.6%, growing in crop-
free plots. Crude protein concentration in spring
barley grains varied from 11.5% to 12.2% in
crops of different thickness, 2.7-4.5-6.2 million
seeds per ha™' (Pilipavicius et al., 2011). Hence,
weeds, except noxious ones, can enrich fodders
by crude protein and mineral matters (Pilipavi-
¢ius et al., 2003). Analysing the possibility of ag-
ronomical techniques for reducing crop damage
by sika deer, it was established that only protein
content differed among weeds, crops, and forest
understory vegetation, with weeds exhibiting the
highest protein content. The authors of this study
concluded that sika deer are attracted to apple
orchards because of the high protein content of
the weeds growing there which should be con-
trolled seeking to decrease crop damage by sika
deer (Honda et al., 2010). Weed Amaranthus spi-
nosus leaf meal as a dietary protein source is al-
ready suggested for feeding of fingerlings Clarias
gariepinus (Adewolu, Adamson, 2011). To enrich
fodders by crude protein and other components
there are used various fodder additives and sup-
plements as cyanobacteria Spirulina platensis
(Simkus et al., 2007; Kulpys et al., 2009). Dry
biomass of Spirulina platensis has more proteins
than barley, wheat and Chlorella vulgaris, their

organic materials consist of 60-70% of proteins
(Kupras et al., 2003).

Competition between domesticated, i. e. agri-
cultural plants and weeds, has been commonly
evaluated through biomass accumulation rather
than crude protein concentration in it. These re-
sults show effectiveness of different weed species
competition to spring barley under organic and
conventional systems of agriculture.

The aim of the experiment was to establish the
dependence of the concentration of spring barley
biomass crude protein on the crude protein concen-
tration in the white goosefoot, charlock and prickly
grass biomass from the same agrophytocenosis.

MATERIALS AND METHODS

The Lithuanian territory occupies an intermediate
geographical position between the west European
oceanic climate and the Eurasian continental cli-
mate. Cold air masses transferred from the Arctic
induce decrease of air temperatures which is the
reason of spring and early autumn frosts and of
hard frost in the wintertime. Warm air masses
from tropics are seldom which form thaws during
winter and clear hot days during summer. Climate
of the Lithuanian territory forms in different ra-
diation and circulation conditions. Differences in
these conditions hardly cross the boundaries of
microclimatic differences; therefore, Lithuania be-
longs to the western region of the Atlantic Ocean
continental climatic area (Basalykas et al., 1958;
Basalykas, 1968) with the average annual precipi-
tation of 675 mm (572-978 mm) and temperature
of 6-7 °C (Vaitekanas et al., 2007).

Spring barley Hordeum vulgare L., white goose-
foot Chenopodium album L., charlock Sinapis ar-
vensis L. and prickly grass Echinochloa crus-gal-
li (L.) Beauv. were taken from the conventional
and organic agriculture system agrophytocenosis
of spring barley variety Aura. The field experi-
ment from which plant samples were taken for
the laboratorial bioassay was conducted in two-
factor four replications. Factor A: organic and
conventional agriculture. Factor B (spring barley
stages of maturity by Zadoks et al., 1974): steam
elongation, heading, early milk, medium milk,
late milk-early dough, dough, hard.

Spring barley growing agrotechnics. Spring barley
fore-crop grown in 2003 was black fallow (2002)



Relationship between concentration of crude protein in spring barley (Hordeum vulgare L.)...

223

and spring barley grown in 2004 on the same plot
fore-crop was spring barley. Complex phospho-
rus PO, potassium K O and nitrogen N fertiliz-
ers (160 kg ha™ of active compounds) ‘Azofoska’
(N:P:K ratio 1:1:1 by 16%) were applied on con-
ventional spring barley in spring after sowing
before sprouting. Spring barley of organic agri-
culture was not fertilised. Two-row barley Aura
was sown during the first ten days of May sow-
ing 200 kg ha! (4.5 million seeds per ha™) of
seeds. The row distance was 12.5 cm. Spring bar-
ley growing continuously after spring barley was
disked in autumn barley stubble by 10-12 cm
depth and after 4 weeks it was ploughed with
mouldboard plough by 23-25 cm depth. Spring
barley growing after black fallow in autumn was
directly ploughed at 23-25 cm depth by mould-
board plough. In spring, after all preceding crops,
soil was harrowed in 3-5 cm depth in early spring
and loosened with harrowing at 3-5 cm depth
before sowing. Herbicides and other pesticides in
crops of spring barley were not applied.

Crop weediness was established by the quanti-
ty-weight method (Dospekhov et al., 1987).

Experimental field soil was clay loam of an av-
erage weight over moraine clay on sandy loam,
deeper carbonaceous, gleyic luvisols (Calcari-
Epihypogleyic Luvisols — LVg-p-w-cc).

A more detailed description of the field experi-
ment media and applied agrotechnics is given in
our early publication (Pilipavic¢ius, 2005). Sample
plant crude protein concentration was determined
by the Kjeldahl method (Naumann, Bassler, 1993a)
at the Laboratory of Agronomic and Zootechni-
cal Research of the Lithuanian University of Ag-
riculture (Aleksandras Stulginskis University) at
54°89’N and 23°83’E during 2004-2005. The data
quality of laboratorial analyses was determined
by differences between parallels (3 replications)
depending on the matter concentration found in
the analysed sample. The results of analyses were
achieved with the 95% level of probability in the
permissible limits of error (Naumann, Bassler,
1993b). Relationship between the concentration
of crude protein in spring barley, white goose-
foot, charlock and prickly grass was established by
a correlation-regression analysis. Dependence reli-
ability was evaluated by the p test. The data were
evaluated using SigmaPlot 8.0 programmes (SPSS
Science, 2000).

RESULTS AND DISCUSSION

In spring barley Hordeum vulgare L. crop agro-
phytocenosis grown under the conventional and the
organic agriculture system annual weeds prevailed.
Among annual weeds there were mostly spread
white goosefoot Chenopodium album L., charlock
Sinapis arvensis and prickly grass Echinochloa crus-
galli (L.) Beauv. They comprise 87-97% (in one
case 32%) in the conventional and 66-94% in the
organic agriculture system of the total weed air-dry
biomass in the crop (Pilipavicius, 2005).

Evaluating the dependence of the concentration
of spring barley biomass crude protein on the crude
protein concentration in weeds, there was estab-
lished a very interesting tendency - with increase
of crude protein concentration in weeds (white
goosefoot, charlock and prickly grass), it increased
in spring barley as well (Figs. 1, 3-4). Spring barley
and white goosefoot in the crop of organic agri-
culture are characterized by lower concentration
of crude protein than in conventional agriculture
(Fig. 1).

By analogy with spring barley and white goose-
foot, in the crop of organic agriculture other annual
dicotyledonous weed - charlock accumulated lower
concentration of crude protein than in conventional
agriculture (Fig. 3). It was influenced by the adequate
plant (both weeds and spring barley) reaction to ac-
cumulate more intensive nutritional elements from
soil because of light soluble nutrition increase in
soil by mineral fertilization in plots of conventional
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Fig. 1. Relationship between the concentration of crude
protein in spring barley Hordeum vulgare and white
goosefoot Chenopodium album
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agriculture. However, evaluating crude protein mass
accumulated in white goosefoot and spring barley
(Fig. 2) there was established the opposite effect
on the crude protein concentration relationship,
i. e. with increase of the accumulated crude protein
mass in weeds, the crude protein mass in spring
barley regularly decreased. A reliable decrease of
crude protein mass accumulated in the spring bar-
ley biomass depending on the crude protein mass
increase in white goosefoot of the organic agricul-
ture system r = -0.74 (p < 0.01) and the decrease
tendency r = -0.07 (p > 0.05) in the conventional
agriculture system were established (Fig. 2).
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Fig. 2. Relationship between the yield of crude protein
in spring barley Hordeum vulgare and white goosefoot
Chenopodium album under the organic and conventional
farming system

Growing intensively the spring barley crop,
weeds accumulated more crude protein, there-
fore nitrogen was freely available in the inten-
sively fertilised spring barley crop in conventional
agriculture. Like weeds, spring barley also accu-
mulated more crude protein in conventional than
in organic agriculture. The stated interaction was
similar to the Law of Crop Productivity which
analyses the total crop plant biomass. Productivi-
ty of a crop - community of cultured plants and
weeds — expressed by the total mass of cultured
plants and weeds per area unit under the same
plant growing conditions is relatively constant.
Decreasing crop weediness (weed mass) the yield
of cultural plants naturally increases, and on the
contrary, increasing crop weediness the yield de-
creases in the inverse proportion (Lazauskas, 1990;
1993; 2013).
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Fig. 3. Relationship between the concentration of crude
protein in spring barley Hordeum vulgare and charlock
Sinapis arvensis

Contrary to white goosefoot and charlock,
prickly grass reached the highest crude protein
concentration 19% (variation limit 9-19%) in the
crop of organic agriculture. In the crop of con-
ventional agriculture prickly grass accumulated
about 15% crude protein concentration. Presum-
ably, belonging to the same as spring barley mono-
cotyledonous botanical plant group, prickly grass
was more competitive with spring barley than
white goosefoot and charlock. Spring barley in
competition with prickly grass reached 8-12% of
crude protein concentration in the biomass in the
organic and 11% in the conventional agriculture
system (Fig. 4), whereas spring barley competing
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with white goosefoot (Fig. 1) and charlock (Fig. 3)
accumulated to 20.5% and 13% of crude protein
concentration in the biomass in the conventional
and the organic agriculture system, respectively.

CONCLUSIONS

1. Prickly grass was more competitive weed than
white goosefoot and charlock for spring barley
while the spring barley biomass crude protein con-
centration was lowest in competition with prickly
grass.

2. The highest concentration of crude protein
was established in the conventional agriculture
system in the biomass of spring barley Hordeum
vulgare (20.5%) and white goosefoot Chenopodium
album (21.7%), spring barley (20.5%) and charlock
Sinapis arvensis (20.4%). In the organic agriculture
system the highest concentration of crude prote-
in was established in the biomass of prickly grass
Echinochloa crus-galli (18.9%) and spring barley
(12.8%).

3. Concentration of crude protein in white goose-
foot, charlock and prickly grass increased as in
spring barley. A positive relationship was estab-
lished between the crude protein concentration
in spring barley and white goosefoot r = 0.898
(p < 0.001), spring barley and charlock r = 0.909
(p < 0.05), spring barley and prickly grass r = 0.657
(p > 0.05).

4. With increase of the crude protein mass in
white goosefoot, the crude protein mass accu-
mulated in the spring barley biomass regular-
ly decreased: in the organic agriculture system
y =0.710-8.174 x, r = -0.74 (p < 0.01) and in the
conventional agricultural system y = 0.856-0.834
x, r=-0.07 (p > 0.05).
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VASARINIU MIEZIU (HORDEUM VULGARE L.)
ZALIY PROTEINYU KONCENTRACIJOS PRIKLAU-
SOMUMAS NUO ZALIU PROTEINU AKU-
MULIACIJOS BALTOJOJE BALANDOJE (CHE-
NOPODIUM ALBUM L.), GARSTUKE (SINAPIS
ARVENSIS L.) IR PAPRASTOJOJE RIETMENEJE
(ECHINOCHLOA CRUS-GALLI (L.) BEAUV.)

Santrauka

Laboratorinis tyrimas atliktas Lietuvos Zzemés tkio uni-
versiteto (dabar - Aleksandro Stulginskio universitetas)
Agronominiy ir zootechniniy tyrimy laboratorijoje (54°89°’N
ir 23°83’E) 2004-2005 m. Lauko eksperimentas, i§ kurio
paimti augaly meéginiai laboratoriniam tyrimui, atliktas

2003-2004 m. vasariniy mieziy ‘Aura’ pasélyje Lietuvos
zemeés Ukio universiteto Bandymy stotyje (54°52'N ir
23°49F).

Lietuvos teritorija uZima tarping geografine vietg tarp
Vakary Europos okeaninio ir Eurazijos kontinentinio kli-
mato. Lietuva priklauso Atlanto vandenyno kontinen-
tinio klimato vakary regiono teritorijai. Vidutinis metinis
krituliy kiekis - 675 mm (572-978 mm), vidutiné oro
temperatira - 6-7 °C.

Zaliy proteiny koncentracijos poky¢iai pasélio piktzolése
turéjo jtakos zaliy proteiny akumuliacijai vasariniuose
mieziuose. Eksperimento tikslas — jvertinti vasariniy mieziy
zaliy proteiny biomasés koncentracijos priklausomuma nuo
zaliy proteiny koncentracijos baltosios balandos, garstuko
ir paprastosios rietmenés biomaséje, akumuliuotoje toje
pacioje agrofitocenozéje. Pasélio augaly, paimty i§ ekologinés
ir tradicinés Zemdirbystés sistemy, zaliy proteiny koncen-
tracija biomaséje nustatyta Kjeldalio metodu.

Didziausia zaliy proteiny koncentracija aptikta tradicinés
zemdirbystés sistemos vasariniuose mieziuose (20,5 %), bal-
tojoje balandoje (21,7 %) ir garstukuose (20,4 %). Ekologinés
zemdirbystés sistemoje didZiausia zaliy proteiny koncentraci-
ja nustatyta paprastojoje rietmenéje (18,9 %) ir vasariniuose
mieziuose (12,8 %). Zaliy proteiny koncentracijos didéjimas
baltojoje balandoje, garstuke ir paprastojoje rietmenéje
didino ir Zaliy proteiny koncentracijg vasariniy mieziy
biomaséje. Nustatyti tiesiniai teigiami priklausomumai tarp
zaliy proteiny koncentracijos vasariniuose mieziuose ir balto-
joje balandoje r = 0,898 (p < 0,001), vasariniuose mieZiuose
ir garstuke r = 0,909 (p < 0,05), vasariniuose mieziuose ir
paprastojoje rietmenéje r = 0,657 (p > 0,05). Didéjant su-
kauptai Zaliy proteiny masei baltojoje balandoje (analogiskai
paséliy produktyvumo désniui), Zaliy proteiny masé vasari-
niuose mieZiuose sistemingai mazéjo ekologinés zemdirbystés
sistemoje (atitinkamai regresijos lygciai y = 0,710-8,174 x,
r =-0,74 (p < 0,01)) ir tradicinés Zemdirbystés sistemoje
(atitinkamai regresijos lygéiai: y = 0,856-0,834 x, r = -0,07
(p >0,05)).

Raktazodziai: konkurencingumas, ekologiné ir tradici-
né zemdirbysté, Chenopodium album L., Echinochloa crus-
galli (L.) Beauv., Hordeum vulgare L., Sinapis arvensis L.,
piktzolés



