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ABSTRACT

Over 2003-2005 at the Experiment Station at Wierzchucinek at the University of
Technology and Life Sciences in Bydgoszcz, there was performed a strict one-factor
micro-plot experiment in split-splot design. The factor tested was a type of
microelements [n=5: Cu, Zn, Mn, Mo, B]. The microelements were foliar sprayed in a
chelated form, as the series of ‘Symfonia’ fertilizers.

The study aimed at comparing the effect of five agricultural-engineering basic
microelements on the contents and protein composition of the seeds of ‘Aura’
cultivar. The fertilization applied, boron and manganese in particular, showed an
effect on the increase in the contents of total protein in bean seeds. It also modified
the fractional composition of the bean seed protein. There was observed a clear
increase in the fraction of albumins and globulins in seeds as a result of the
microelements applied, except for boron. The fertilization with molybdenum, boron,
copper and zinc reduced the content of glutelins, and the sum of glulelins and
prolamines in the bean seeds.

KEYWORDS: bean, foliar fertilization, fractional composition of protein,
microelements, protein

STRESZCZENIE

W latach 2003-2005 przeprowadzono na terenie Stacji Badawczej Uniwersytetu
Technologiczno-Przyrodniczego w Bydgoszczy Sciste jednoczynnikowe
doswiadczenie mikropoletkowe w uktadzie split-plot. Za badany czynnik przyjeto
rodzaj mikroelementu (n=5: Cu, Zn, Mn, Mo oraz B). Mikroelementy zastosowano
dolistnie w formie schelatowanej, w postaci serii nawozéw ,Symfonia”. Celem
podjetych badan byta ocena oddziatywania pieciu mikroelementoéw aplikowanych
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dolistnie w formie schelatowanej, na zawartosc¢ i sktad frakcyjny biatka nasion fasoli
odmiany ‘Aura’.

Wykazano oddziatywanie zastosowanych mikroelementoéw, w szczegdlnosci
manganu i boru, na zwiekszenie zawartosci biatka ogélnego w nasionach fasoli.
Zastosowane nawozenie modyfikowato réwniez jego sktad frakcyjny. Stwierdzono
wyrazny wzrost udziatu albumin i globulin w nasionach fasoli pod wptywem
zastosowanych mikroelementow, z wyjatkiem boru. Nawozenie molibdenem, borem,
miedzig oraz cynkiem obnizato zawartos¢ glutelin, a takze udziat sumy glutelin i
prolamin w nasionach.

SLOWA KLUCZOWE: fasola, nawozenie dolistne, frakcje biatkowe, mikroelementy,
biatko

STRESZCZENIE SZCZEGOLOWE

Podstawg badan byto jednoczynnikowe sciste doswiadczenie mikropoletkowe,
przeprowadzone w latach 2003-2005 na terenie Stacji Badawczej Uniwersytetu
Technologiczno-Przyrodniczego, zlokalizowanej w Wierzchucinku (Borys et al. 1996).
Zatozono je metodg losowanych podblokow w uktadzie split-plot w trzech
powtorzeniach na glebie ptowej, klasy bonitacyjnej Il b, kompleksu zytniego
dobrego. Zasobnos$¢ gleby w przyswajalne formy fosforu, potasu oraz cynku,
manganu i boru byta srednia, natomiast zawartoS¢ miedzi oszacowano jako niska.
Badanym czynnikiem byt rodzaj mikroelementow (n=5: Cu, Zn, Mn, Mo i B),
zastosowanych w postaci serii nawozéw ‘Symfonia’, zawierajgcych schelatowang
forme tych pierwiastkéw. Celem badan byta ocena wptywu aplikowanych dolistnie
mikroelementow na zawartosc¢ i sktad frakcyjny biatka nasion fasoli odmiany ‘Aura’.
W nasionach fasoli oznaczono zawarto$¢ azotu ogélnego metodg Kjeldahla,
natomiast skfad frakcyjny biatka - metodg Michaela-Bluma w modyfikacji Loginowa i
in, poddajac je ekstrakcji kolejno: wodg destylowang (albuminy i azot niebiatkowy),
5% roztworem siarczanu [VI] potasu (globuliny) oraz 0,1 M roztworem NaOH w 70%
etanolu (prolaminy i gluteliny). Stwierdzono, ze zastosowane nawozenie dolistne
roztworami manganu i boru, wptywato istotnie na zawartos¢ biatka ogélnego w
suchej masie nasion fasoli. W warunkach prowadzonych badan wykazano istotny
wptyw zastosowanych mikroelementow, z wyjatkiem boru, na udziat albumin w biatku
nasion fasoli. Najwyzszg zawartos¢ albumin uzyskano na obiektach, na ktérych
aplikowano dolistne cynk oraz mangan. Szczegolnie korzystny wptyw na zawartosc
globulin, frakcji o najwiekszym iloSciowym udziale w biatku nasion fasoli, miato
dolistne zastosowanie molibdenu i cynku. Srednia zawarto$é¢ sumy albumin i globulin
byta istotnie modyfikowana przez zastosowane nawozenie mikroelementami.
Stwierdzono wyrazny wzrost zawartosci sumy tych frakcji na wszystkich obiektach
nawozowych w odniesieniu do obiektu kontrolnego. Przeprowadzone badania
wykazaty, ze pod wptywem dolistnej aplikacji mikroelementéw srednia zawartos¢
sumy glutelin i prolamin na ogét obnizata sie w poréwnaniu z obiektem
nieopryskiwanym. Stwierdzone zmiany skfadu frakcyjnego biatka fasoli pod wptywem
nawozenia mikroelementami mogg odgrywac¢ znaczaca role w ksztattowaniu jego
wartosci biologiczne;.

INTRODUCTION

Vegetables are one of the main sources of proteins in human food, with bean
being one of the most important vegetable crops containing highly valuable protein,
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which is a precious supplement of animal protein (Martin-Cabrejas et. al 1997).
Producing a high qualitative bean crop depends on the effectiveness of symbiosis
and satisfying the increasing nutritional requirements of the plants throughout
increased photosynthesis and seed-filling. A developed root system enabling the
plant to collect nutrients from sparingly soluble compounds (Jasiriska and Kotecki
1993) lowers the effectiveness of fertilisation of the Fabaceae with macro-
components, compared to other crops. A significant factor limiting the bean yielding
and lowering the quality of biological crop may be shortage of microelements, which
is due to the reduced content of their forms assimilable by plants in soil (Grzys 2004),
the increased demand, or impeded uptake caused by precipitation shortage in the
vegetation period (Sienkiewicz-Cholewa (2002); Szewczuk and Michatoj¢ 2003). An
adequate supply of leguminous plants with the most important microelements
enhances the adequate pattern of photosynthesis and the processes connected with
nitrogen transformation and the synthesis of amino acids (Ziétek and Kulig 1999).
Since foliar fertilisation, as opposed to soil fertilisation, is an agrotechnical procedure
that acts almost immediately (Szewczuk and Michatoj¢ 2003), it seems to be the best
way of complementing nutrient deficits in plants. According to the assumed research
hypothesis, a suitable selection of microelements and their use in the right
proportions should enhance not only the contents but also the fractional distribution
of the bean seed proteins, thus improving its biological quality.

The study aimed at assessing the effect of five agricultural-engineering basic
microelements on the contents and protein composition of the seeds of ‘Aura’
cultivar.

MATERIAL AND METHODS

Over 2003-2005 at the Experiment Station at Wierzchucinek, of the University
of Technology and Life Sciences in Bydgoszcz, there was carried out a strict one-
factor microplot experiment in split-splot design, in three replications, on fallow land
classified as 3b productivity class, a good rye complex. The abundance of
assimilable forms of phosphorus, potassium and zinc, manganese and boron was
average, however, the content of copper — low. The type of microelements [n=5: Cu,
Zn, Mn, Mo, B] constituted the experimental factor. The microelements were foliar
sprayed in a chelated form, as the series of ‘Symfonia’ fertilisers, at the dose of 200
g-ha™ for each element.

In mechanically disintegrated bean seeds, a total nitrogen content was determined
with the Kjeldahl’s method, and the fractional contents of proteins — using the method
of Michael-Blum (1960). The protein fractions were extracted, in turn, with: distilled
water, 5% solution of potassium sulfate (VI), and 0.1 M NaOH in 70% ethanol,
isolating, respectively: nitrogen non-proteinous compounds and albumins, globulins
and glutelins, as well as prolamines. Albumins were separated from nitric non-
proteinous compounds as a result of precipitation with 20% solution of trichloroacetic
acid. Glutelins were separated from prolamines by alcoholic extraction with pH=5.5.
The contents of the individual fractions were calculated by determining nitrogen in the
respective precipitates or extracts, using the Kjeldahl’s method and expressed as a
fraction of their nitrogen in a total content of this element (g N-kg™ of the protein). The
results were verified with the analysis of variance for randomized block designs and
the Tukey test at the significance level of a = 0.05 was used to assess the
significance of differences.
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RESULTS AND DISCUSSION

The present research demonstrated that the use of foliar fertilisation with
solutions of boron and manganese affected the content of total protein in dry matter
of bean seeds (Table 1).

Table 1. Total protein content in bean seeds in relation to fertilisation with
microelements [g-kg™d.m.]
Tabela. 1. Zawartos¢ biatka ogélnego w nasionach fasoli w zaleznosci od nawozenia
mikroelementami [g-kg™*s.m.]

LSDg,0s/NIRq,0

Year/Rok 0 Mn Zn Cu Mo B
5
2003 3283 329.0 325.0 3413 3370 3470 15.91
2004 302.3 326.0 311.0 204.3 3027 3290 10,16
2005 326.7 3373 335.0 338.7 3310 3253  n.sini
22%%35' 319.1 3308 3237 321.4 3236 3361 10,14

n.s. — n.i. — non significant differences — réznice nieistotne

Czuba et al. (1999) also report on a clear reaction of leguminous plants on
foliar fertilization with microelements, particularly with magnesium. Depending on the
micro-element used, the content of total protein, on average, ranged from 319.1 g-kg
! to 336.1 g-kg™ for three years of the experiment. The highest value of total protein
was found in the seeds sprayed with boron and manganese solutions. This
procedure induced an increase in the mean content of protein for bean seeds: 5.3%
and 3.6%, respectively, as compared with the control. A favourable effect of boron
was found particularly in the second year of the experiment, when the increase in
total protein content in bean seeds reached 8.8%, as compared with the non-
spraying. After applying zinc, copper and molybdenum, the mean content of protein
in seeds generally increased, as compared with the control, however, the increase
was not significant. Manganese, zinc molybdenum, boron and copper are essential
parts of living tissues and perform essential and specific functions. They are
components of many enzymes controlling metabolic processes in organisms. The
lack of micro-elements in soil and plants disturbs biochemical processes, inhibiting
their growth and development. A physiological role of micro-elements has been
already quite well recognised. Manganese, responsible for increasing the intensity of
photosynthesis, stimulating nitrogen assimination and protein biosynthesis (Cakmak
2000; Henriques 2003; Prusinski and Kotecki 2006), demonstrated in our experiment
a very favorable effect on the increase in total protein content in the bean seeds.
Boron, participating in the formation of wall structures, cell divisions as well as in the
protein synthesis (Brown et al. 2002; Matsunaga et al. 2003), showed the most
favorable effect of all the nutrients investigated on the increase in the content of
protein in the seeds. The element, according to Ruiz et al. (1998), also plays an
essential role in the process of reducing nitrates (V) in the plant. Copper, zinc and
molybdenum play also an important role in the transformations of nitrogen in plants,
however, as shown by the present results, the elements did not modify the content of
total protein significantly. The effect of micro-elements on the plant metabolism is a
high-complex process resulting from their direct and indirect effects on the individual
transformations, which makes the present results difficult to account for.
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The present research showed a significant effect of the fertilization applied on the
presence of albumins in the bean seed protein, the mean content of which was 7.01
g'kg™ of seeds for the three years of the experiment (Table 2).

Table 2. Participation of protein fractions in bean seeds in relation to fertilisation with
microelements [g kg™ of seeds]

Tabela. 2. Udziat frakcji biatkowych w nasionach fasoli w zaleznosci od nawozenia
mikroelementami [g kg™ nasion]

Muicroelement

S Albumins Globulins Glutelins Prolamins LSDy 05/NIRg
Mikroelementy Albuminy Globuliny Gluteliny Prolaminy 5

2003
0 5,79 15,24 2,20 0,75
Mn 6,41 17,41 218 0,70 g'lb-t')of 273 .
zn 6,50 18,20 1,92 0,84 Gt 0260
Cu 6,10 16,30 2,02 0,78 Brol
Mo 6,72 18,99 1,71 0,76 s
B 6,00 15,59 1,81 0,73

2004
0 5,98 15,88 3,18 0,67
Mn 6,92 16,55 3,32 0,68 A'Ib-t')o*2379
Zn 7,12 18,96 2,59 065  o0Tecl
Cu 6,31 16,42 2,43 0,62 ol —
Mo 6,82 18,39 2,59 0,59 nsini
B 6,18 15,84 2,99 0,62

2005
0 7,62 16,25 2,50 0,87
Mn 8,90 16,74 2,35 1,02 Alb.-0,452
Zn 8,73 16,79 2,45 1,12 Glob.- n.i/n.s
Cu 8,71 16,30 2,61 0,89 Glut. -0,320
Mo 7,91 17,15 2,25 0,81 Prol. — 0,174
B 7,52 15,75 2,22 0,92

2003-2005

0 6,46 15,79 2,63 0,77
Mn 7,41 16,9 2,62 0,80 Alb.-0,136
Zn 7,45 17,98 2,32 0,87 Glob.-0,540
Cu 7,04 16,34 2,35 0,76 Glut. -0,098
Mo 7,15 18,17 2,19 0,72 Prol. — 0,054
B 6,57 15,73 2,34 0,76

n.s. — n.i. — non significant differences — réznice nieistotne

Interestingly, the increase in the content of this fraction in proteins was found under
the effect of each of the micro-elements applied, except for boron. Albumins are the
structural and enzymatic proteins forming complex compounds with carbohydrates,
lipids and nucleic acids (Jasinska and Kotecki 1993). This fraction is characterised by
the most balanced composition of exogenous amino acids and determines the
nutritional value of the seeds to a considerable extent. In comparison to the other
proteins of bean seeds, albumins contain a substantial amount of tryptophan which,
besides methionine, is the second amino acid limiting the nutritional value of the
legumes proteins. This fraction also contains significant amounts of lysine and
threonine (Flaczyk 1995). The highest content of albumins was reported for the
treatment where foliar fertilization with zinc was applied. As compared with the
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control, the difference was on average 15.3%. The foliar application of the other
elements resulted in slightly lower increases in the content of that fraction, with the
respective differences being on average: for manganese — 14.7%, for copper —
9.0%, for molybdenum — 10.7%. Interestingly the reaction after the cooper application
was recorded only in 2005.

In the present research, foliar fertilization with molybdenum and zinc showed an
especially favorable effect on the contents of globulins, the quantitatvely highest
fraction in the bean protein, which resulted in the mean increase in their content by
15.1 and 13.9%, as compared with the non-fertilized control. Fertilisation with
manganese and copper resulted in an average increase in globulins, respectively, by:
7.0 and 3.5%. In 2003 molybdenum (a 24.6% increase) and zinc (a 19.4% increase)
were most effective. A similar reaction of globulins on the fertilization with those
microelements was also recorded in 2004, while in the successive year there was
noted no clear effect on the contents of that fraction in bean seeds.

In leguminous plant seeds the proteins are mainly represented by globulins
(Lampart-Szczapa 1997), which make 80-90% of the total protein, whereas the other
proteins represent albumins, the level of which ranges from 10 to 25% of total protein
in seeds (Jasinska and Kotecki 1993). The globulins present in codyledons of
fabaceae plant embryos are storage proteins, consisting of legumins and vicilins.
Legumins are characterised by higher contents of methionine and cysteine — basic
sulphur amino acids (SAA), the deficiency of which in protein of leguminous plants is
a factor limiting its biological value.

Zinc, molybdenum and manganese showed the greatest favorable effect on the
contents of albumins and globulins in the bean seeds. The bean is a plant
susceptible to the deficiency in these microelements (White and Broadley 2001).
Besides several biochemical reactions they participate in, zinc and manganese play
an important role in the transformations of nitrogen compounds (Zimmer and Mendel
1999; Cakmak 2000; Henrigues 2003). Foliar fertilization, rapidly enhancing the
supply of plants with nutrients, primarily affects the elements the deficiency of which
the plant is most sensitive to. A lower susceptibility of the bean to copper deficiency,
also taking part in the transformations of nitrogen compounds (Sienkiewicz-Cholewa
and Wrobel 2004), resulted in a relatively lower yet significant increase in the
contents of albumins and globulins in the seed protein after applying this
microelement.

Based on the present results, it was demonstrated that the mean content of the total
albumins and globulins was significantly modified by the fertilization with
microelements applied (Table 3).

Table 3. Participation of protein fractions in bean seeds in relation to fertilisation with
microelements [g kg™ of seeds]
Tabela. 3. Udziat frakcji biatkowych w nasionach fasoli w zaleznosci od nawozenia
mikroelementami [g kg™ nasion]

Albumins+Globuli  Glutelins+Prolami

Microelements ns ns N-nonprotein LSD. /NIR
Mikroelementy Albuminy+Globuli  Gluteliny+Prolami  N-niebiatkowy 0.0577F0.05

ny ny

2003
0 21,03 2,97 4,84 Alb.+ Glob.-
Mn 23,83 2,89 5,02 4,602
Zn 24,70 2,76 4,47 Glut.+Prol.-0,391
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Cu 22,38 2,81 4,61 N-n. -0,665
Mo 25,70 2,47 4,75
B 21,58 2,53 511

2004
0 21,86 3,85 4,34
Mn 23,47 4,00 4,58 Alb.+ Glob.-
Zn 26,08 3,24 4,22 1,951
Cu 22,73 3,05 4,27 Glut.+Prol.-0,418
Mo 25,21 3,18 4,41 N-n. -0,375
B 23,36 3,61 4,62

2005
0 23,87 3,37 4,02
Mn 25,64 3,37 5,03 Alb.+ Glob.-
Zn 25,53 3,57 3,55 1,368
Cu 25,01 4,50 4,06 Glut.+Prol.-0,453
Mo 23,26 3,06 3,89 N-n. -0,472
B 23,36 3,14 4,18

2003-2005

0 22,25 3,40 4,40
Mn 24,31 3,42 4,88 Alb.+ Glob.-
Zn 25,44 3,19 4,08 0,414
Cu 23,37 3,12 4,32 Glut.+Prol.-0,138
Mo 24,98 2,90 4,35 N-n. -0,144
B 22,73 3,10 4,64

A clear increase in the sum of these fractions was observed for all the fertilization-
applied treatments as compared with the control. The mean content of total aloumins
and globulins was the highest in the seeds from the treatment which involved
spraying with zinc (a 14.3% increase), however, the increase for the treatments
which involved spraying with molybdenum, manganese, copper and boron was 12.3,
9.3, 5.0 and 2.2%, respectively. In the respective experiment years, spraying with
zinc and manganese resulted in the fractions increasing by 7.0 and 7.4 in 2005, as
well as 19.3 and 15.3 following the application of zinc and molybdenum in 2004. In
2003 the foliar application of molybdenum increased in total of albumins and
globulins by 22.2%, as compared with the control.

The mean content of glutelins for three research years was 2.41 g-kg™ (Table 2).
Foliar application of molybdenum, zinc, copper and boron reduced this fraction in
bean seeds, as compared with the control, by 16.7; 11.8; 10.6; and 11.0%.
Fertilization with microelements in 2005 did not differentiate the contents of glutelins
in the bean seeds significantly. In 2004 fertilization with molybdenum and zinc
reduced the glutelins fraction by 18.6%. In 2003 foliar application of molybdenum and
boron reduced the contents of glutelin by 22.3% and 17.8%, as compared with the
treatments without spraying.

The content of prolamines in the bean seeds, quantitatively the lowest fraction, was
modified by microelement fertilization to a low extent. Foliar zinc application was the
only one which increased the contents of prolamines in been seed proteins, on
average for three years by 13.0%. The favorable effect of this micro-element was
observed especially in 2005, when their significant increase accounted for 28.7%.
The present research indicated that foliar fertilisation with microelements generally
resulted in lowering the mean total content of the sum of glutelins and prolamines, as
compared with the treatment without spraying (Table 3). Under the effect of spraying
with zinc and boron, the fraction of the sum of glutelins and prolamines decreased by
6.2% and 8.8%, however, after the foliar application of copper and molybdenum - by
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8.2% and 14.7%. In 2004 the reduction after the application of the microelements
was in 15.8% — for zinc, 20.8 — for copper and for 17.4 — after the application of
molybdenum. In the other studies, the effect of the manganese applied on the
content of the sum of glutelins and prolamines was inconsiderable.

In 2003 the application of molybdenum and boron decreased the share of the mean
sum of glutelins and prolamins by 16.8% and 14.8%, as compared with the control.
The content of non-protein nitrogen changed clearly only under the effect of
fertilisation with manganese in 2005 (a 25.1% increase). In 2003 the only differences
in the contents of this fraction were observed in the bean seeds from the treatments
where molybdenum, copper and zinc were foliar applied. On average, for three years
of the experiment, spraying with manganese and boron increased the contents of
non-protein nitrogen by 10.9% and 5.5%.

The protein of leguminous plants, in comparison to the protein of cereals, contains
relatively high amounts of lysine and threonine, however, the factor limiting its
biological value is a low content of sulphur amino acids (methionine and cysteine)
(Jasinska and Kotecki 1993). Bean proteins are mainly represented by globulins
which contain legumins with a higher share of those amino acids, and albumins,
demonstrated by more balanced contents of exogenous amino acids. The present
research demonstrated that the foliar application of copper, zinc, manganese,
molybdenum and boron has shown a favorable effect on the content of the fractions
in seeds and, at the same time, may contribute to increasing the biological value of
the crop by enhancing the content of amino acids in seeds of this plant. Considering
a high protein efficacy per area unit, characteristic for leguminous plants, the
changes in the fractional content of the bean protein due to fertilisation with
microelements seem to play a considerable role in forming their nutritive value.

CONCLUSIONS

1. The foliar application of boron and manganese increased the total protein in
the bean seeds significantly.

2. A clear increase in the fraction of albumins and globulins in the bean seeds
was observed under the effect of all the micro-elements applied (manganese,
zinc, copper and molybdenum), except for boron.

3. Fertilization with copper, zinc, molybdenum and boron reduced the content of
glutelins and total glutelins and prolamins in the bean seeds, as compared
with the control.
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