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ABSTRACT

The influence of seed inoculation with a bio-preparation of nodule bacteria Rhizobium lequminosarum, fertilization of
0, 40, 80, 120 kg N/ha and molybdenum topdressing on the yield of green mass, dry matter, seed, average number of
pods per plant, average number of seeds per pod, average nodule number per plant, nodule dry weight as well as
plant and seed protein concentration were studied during the two years of investigations on two soils — Mollic Gley-
sols and Eutric Cambisols. The highest values of all investigated parameters were obtained in the inoculated seed
variants with molybdenum application, except the average nodule number per plant where the highest values were
achieved in variants without molybdenum. The effect of nitrogen fertilization depended on the soil type, i.e. its che-
mical properties. The largest number of the investigated parameters obtained the highest values as a result of fertili-
zation with 40 kg N/ha on Mollic Gleysols (3.96% humus). Thus, seed yield was 4.02 t/ha, nodule dry matter 0.482 g
per plant whereas seed protein concentration was 26.91%. The largest number of the investigated parameters on Eut-
ric Cambisols (1.07% humus) obtained the highest values with fertilization of 80 kg N/ha where seed yield amounted
to 3.65 t/ha, nodule dry matter 0.456 g per plant while seed protein concentration was 26.48%.
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nodule dry weight

Apart from a reduction in production costs by
using natural energy resources, agricultural pro-
duction currently tries to avoid environment pollu-
tion. Since it is almost impossible to imagine crop
production without fertilizer applications affecting
the environment adversely, they are replaced by
regenerated energy sources. In this aspect nitrogen
plays a special role. It affects the production of
plant organic matters and their yield to a large.
However, it is the most expensive energy element.
On the other hand, biological nitrogen fixation, one
of the most important soil processes, is developed
by means of microorganisms.

A special role in biological nitrogen fixation is at-
tributed to symbiosis between nodule bacteria of the
genus Rhizobium and Bradyrhizobium and legumes.
Burns and Hardy (1975) reported they fixed about
175 x 10° tons of nitrogen per year. It is a many times
higher amount of nitrogen in comparison with the
world annual production of nitrogen fertilizers be-
ing 30 x 10° tons (Postgate 1982).

Inoculation of legume seeds with compatible
strains of nodule bacteria brings about symbiosis
development and host plant uptake of this yield-
forming element from its symbiont. The required
amount of fertilizers decreases in this way.

Many authors stated that yields could be in-
creased by legume seed inoculation compared to
nitrogen fertilizer variants (Kalalova and Simon
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1993, Dobereiner et al. 1995). It was found out that
low doses of applied nitrogen had favourable effects
on nodulation and nitrogen fixation whereas higher
doses of mineral nitrogen resulted in nodule mass
reduction. This directly affected the value reduc-
tion of all yield elements (Ergorov 1985, Waterer
et al. 1992, Milakovic et al. 2000). El Behidi (1985)
reported that high rates of available soil nitrogen
reduced nodulation and biological nitrogen fixa-
tion since plants did not require symbiosis with
nodule bacteria.

Nitrogen fixation is catalysed by the enzyme nitro-
genase that contains molybdenum, a vital microele-
ment for the process of biological nitrogen fixation.
Hageman and Burris (1978) reported that the en-
zyme nitrogenase contained two proteins: Mo-Fe
protein (component containing molybdenum, iron
and protein) and Fe protein (component containing
iron and protein). Jongruaysup et al. (1993) stated
that crops developing symbiosis with rhizobium
bacteria had increased molybdenum requirements.
Deficiency of this element causes a reduction of
nodulation, leghaemoglobin concentration and
nodule dry weight. Chahal et al. (1991) claimed
that foliar applications of molybdenum stimulated
nodulation and biological nitrogen fixation, thus
increasing the legume yield. It was also proved by
the results of many other authors (Jongruaysup et
al. 1993, Srivastava and Ahlawat 1995).
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Table 1. Chemical properties of soils in experimental localities

Locality

Investigated properties

Layer (0-30 cm) Mollic Eutric

Gleysols Cambisols

pH (H,0) 7.12 6.62
pH (KCI) 6.34 5.94
Humus (%) 3.96 1.07
P (mg/100 g soil) 14.70 12.51
K (mg/100 g soil) 27.47 21.17

For these reasons these investigations aimed to
determine the influence of seed inoculation with
compatible strains of nodule bacteria Rhizobium
leguminosarum as well as nitrogen and molybde-
num fertilization on yield elements and field pea
quality.

MATERIAL AND METHODS

The experiment was set up on two soils: Mollic
Gleysols (FAO 1998) and Eutric Cambisols (Table 1).
It was established in a completely randomised de-
sign with 4 replications and 16 variants of inocula-
tion, nitrogen and molybdenum fertilization.

The Danish variety of field pea Sobel was used
in both years of investigations (1999 and 2000) at
both sites. Stand density was 1 000 000 plants/ha.
Sowing was carried out by hand with row spac-
ing of 20 cm, space within a row of about 5 cm
and sowing depth 4-6 cm. The basic plot size was
10 m2.

The research elements were as follows: a) seed
inoculation (a; - non-inoculated seed, a, - inocu-
lated seed); b) nitrogen fertilization (b, - control,
b, —40 kg N/ha, b, - 80 kg N/ha, b, - 120 kg N/ha);
¢) molybdenum fertilization (¢, - control, ¢, - 250 g/ha
molybdenum in sodium molybdate).

Pea seed inoculation was done with a bioprepara-
tion of the nodule bacteria Rhizobium leguminosarum
(produced by the Faculty of Agronomy in Zagreb,
count of rhizobium cells per 1 g of inoculant — 1 x
1019 by dry procedure in the course of sowing.
Nitrogen was applied by hand in the form of
27% calcium ammonium nitrate. Molybdenum
foliar fertilization was applied at a plant height
of 25 cm using molybdenum in the form of sodium
molybdate (250 g/ha, conc. 0.042%). Regardless of
the above-mentioned practices, phosphorus and
potassium fertilizations were also applied in doses
of 43.60 kg P/ha and 66.40 kg K/ha. Phosphorus
was applied in the form of triple superphosphate
at a concentration of 45% P,0, and potassium in
the form of 60% KCI.
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Approximately in a month after sowing the
experimental plot was treated with the herbicide
Basagran (2 1/ha) due to infestation with mostly
broadleaved weeds. At the very beginning of the
flowering phase fungicide protection was carried
out by application of Sandofan M-8 (2.5 kg/ha)
to control blight and the insecticide Sonet 100 EC
(0.2 1/ha) was applied as weevil protection.

Soil samples were taken from each site in early
spring before the experiment was established. Soil
analyses were carried out by standard methods
(Table 1): organic matter content was determined by
bichromate method (Vukadinovi¢ and Berti¢ 1988),
pH in H,O and KCl, phosphorus and potassium
content by ammonium-lactate method according
to Egner-Riehm-Domingo (Page 1982).

Yield of plant green mass and dry matter, aver-
age nodule number per plant as well as nodule dry
weight were determined in the flowering phase
(when at least 80% of plants were in the flowering
phase). In this case dry matter yield means the

Table 2. LSD test values for the investigated indicators

Seed inoculation

Investigated i
parame‘%ers Soil type o =0.05 a=0.01
G A 0.028 0.030
reen mass

yield B 0.046 0.071
Dry matter A 0.014 0016
yield B 0.011 0.014

A 0.015 0.029
Seed yield

B 0.030 0.043
Average number A 0.044 0120
of pods per plant B 0.019 0.033
Average number A 0.023 007
of seeds per pod B 0.010 0.017
Average nodule A 0487 0703
number per plant B 0.681 0.991

A 0.004 0.007
Nodule dry weight

B 0.002 0.003
Plant protein A 0160 0202
concentration B n.s n.s
Seed protein A 0-337 04110
concentration B n.s. n.s

A — Mollic Gleysols, B — Eutric Cambisols
n.s. — not significant
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yield of shoots taken in the flowering phase and
dried in a drier at a temperature of 105°C until
reaching the constant weight.

Pea harvest was followed by determination of
seed yield, average number of pods per plant and
average number of seeds per pod. Protein content
in the aboveground plant mass and seed was de-
termined by Kjeldahl method (AOAC 1984).

Results were processed by modern statistical
methods (ANOVA) using the computer program
StatSoft Inc. (2001) STATISTICA (data analysis
software system), version 6.

RESULTS AND DISCUSSION

Allinvestigated elements achieved highest values
in the variants inoculated with compatible strains
of the nodule bacteria Rhizobium lequminosarum
and molybdenum topdressing (Table 3).

Mollic Gleysols were characterized by the high-
est green mass yield obtained by nitrogen ferti-
lization of 40 kg/ha and Eutric Cambisols with
80 kg N/ha. This difference can be explained by
different contents of organic matter in these soils.
Namely, Mollic Gleysols contained 3.96% humus
in its topsoil and Eutric Cambisols 1.07%. Thus
the lower initial fertilization with this element in
Mollic Gleysols brings about higher yield whereas
Eutric Cambisols were known for more successful
fertilization with higher nitrogen dosage.

Many authors claimed that a higher level of ni-
trogen fertilization along with seed inoculation
with compatible nodule bacteria strains in soils
with better humus supply reduced nodulation
which brought about a reduction in yield param-
eters (Vargas et al. 1982, Redzepovic¢ et al. 1985,
Milakovic et al. 2000).

Green mass yield in non-inoculated plants was
highly significantly lower (8.01-9.7%) compared
to green mass yield in inoculated plants. Similar
results were obtained by Carr et al. (1992) and
Milakovié et al. (2000). It is known that the synthesis
of plant organic matter is promoted by inocula-
tion, thus the mass of some plant parts as well as
of the whole plant differs in inoculated compared
to non-inoculated plants (Sari¢ and Fawzi 1983,
Thies et al. 1995).

Molybdenum treatment resulted in an increase
in green mass yield in both years of investigations.
Variants treated with this element achieved a higher
green mass yield by 12.5-15% compared to vari-
ants without molybdenum application. Since this
element participates in the synthesis of nitrogenase
— the enzyme catalysing the process of biological
nitrogen fixation, increased requirements for this
element are obvious in plants being in symbiosis
with rhizobium bacteria. Similar results were re-
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ported by Chahal et al. (1991), who treated pea
with molybdenum (30 ug/l) and achieved highly
significantly higher yields of green mass and dry
matter, nodule number and dry matter as well
as nodule leghaemoglobin content compared to
untreated variants.

Analogously to green mass yield, the highest
dry matter yield on Mollic Gleysols was attained
in the variant of inoculated seed treated with
molybdenum and fertilization with 40 kg N/ha
in both years of investigations. All other variants
achieved statistically significantly lower dry mat-
ter yields (Table 2).

In both years of investigations the highest dry
matter yield on Eutric Cambisols was recorded in
the inoculated seed variant with nitrogen fertiliza-
tion at a dose of 80 kg N/ha and foliar application
of molybdenum.

The obtained results are in agreement with the
results presented by Uribe et al. (1990) and Waterer
et al. (1992), who reported positive effects of seed
inoculation with compatible nodule bacteria strains,
reduced applications of nitrogen fertilizers and
molybdenum application on all yield and quality
elements in soybean, pea and alfalfa crops.

Seed yield was in a significantly positive corre-
lation with green mass yield (r = 0.984") and dry
matter yield (r = 0.9857).

Average seed yield of inoculated variants in both
years of investigations was 2.94 t/ha and average
yield of non-inoculated variants was 2.67 t/ha, be-
ing lower by 9.2%. Significant differences in seed
yield of inoculated and non-inoculated variants
were determined by RedZepovi¢ et al. (1985) for
soybean (17-39.5%) whereas many authors reported
that the inoculation of legumes with compatible
strains of the nodule bacteria Rhizobium legumi-
nosarum considerably increased seed yield (Uribe
etal. 1990, Salez et al. 1992, Dobereiner et al. 1995,
Thies et al. 1995).

As for the inoculated and non-inoculated variants
the highest seed yields were produced by foliar
application of molybdenum. It was in accordance
with the results of Sari¢ et al. (1983) and Srivastava
and Ahlawat (1995).

In both years of investigations the highest av-
erage number of pods per plant and the highest
average number of seeds per pod were achieved
on Mollic Gleysols in the variant of inoculated
seeds with compatible strains of nodule bacteria,
treated with sodium molybdate and fertilized
with 40 kg N/ha. All the other parameters were
significantly lower.

As for Eutric Cambisols, the highest values of
the given parameters were also attained for seed
inoculation and molybdenum foliar application
but using the higher dose of nitrogen fertilizers
- 80 kg N/ha.

41



10°0 30 [249] 2y} Je JuedyIuIs — p[oq ‘s[osIquie]) dLNY — g ‘S[oSAA[D IO ~ V

10°T¢ 8%°9¢ cL'1e 1€1¢ £8°0¢ g¥'ac 1¥'1¢ ££°0¢ ¥6'v¢C 4TS¢ 98'1¢ L6l cree 8¢'1¢C ¢s'1e a6l d (9,) UOTRIIUOU0D
urajord pasg

cc'le 02v¢ 16°9C geee 82°0¢ €0'v¢ ¥8'¥¢ 0¥'1¢ 1€¢ce qrac 99°1¢ L6'1¢ 86°0C 87'1¢ €8°0¢ 6661 4
sLSl 160 TL9L bE9L 06'€L  SY0T  9T9L  LLGL 0r'6l 920  ¥89L LISl VEOZ  PELL  LS9T 69D 4 (o) wopenuoduon
urajoxd juerg

1291 1461 16'T¢C STl 84'S1 c061 €8°61 0¥'91 141 ¥1°0C £991 6491 96'S1T 0991 €8°G1 6671 v
94€°0 95¥%°0 €9¢°0 8¢¢C°0 29¢€°0 0¢y 0 60€°0 8¢€C0 6S1°0 90C°0 1610 qero 610 941°0 6¢L'0 901°0 d (uerd/3)
ySrom A1p anpoN

areo 770 80 ¥8C°0 L61°0 £6€°0 1970 agco 691°0 61C0 791°0 1710 6¢1°0 ¥81°0 avio [4N0 \4
S¥'9¢ 90°'1¢ 69°¢C 70'1¢ LL°G€ 70°€P 109¢ €v'¢e yaIL <001 o001 €v'8 ¢6’€l ¢9¢l G801 9¢'6 d yuerd 1ad 1aqumu
d[npou aderaay

8461 6£°0€ 89°%¢ 0T'TT 9981 0 1% Ve Ly €9°¢T gg'ot 8T'ST 0911 946 LSTT 8¥'LT £0°¢T Se01 v
197 (4] 84'Q €T’s LTV 88'S LSV (4574 €¢'q 18°¢ 86'F L0Y (40", 1¢°¢ 0Ty 66'€ d pod 1ad spaas jo
oqunu a8eIaAy

ey €6'S 689 178 wy 44 609 98y 0Ly ¥8'q [4=h4 Ciad 0Lv Sy's 6CY 1y v
99 LS8 €92 789 8¢9 VL @99 9¢'9 0€s €L'L 789 cl9 [4°p4 20°L 079 09 d yuerd 1ad spod jo
Iaquinu a8eraay

€9 VL €88 VIl 619 YL v6'L 999 979 v’ 999 ¢S99 67’9 069 8¢9 09 4

[ 74 S9°¢ L6'C 08¢ L9°C 0ce 0s4C 0sc 96'C 00°¢ 99°¢ 61°C €re 18°¢C ya'¢ yAN4 d
(ey/1) paIA pasg

9¥%C 8T'¢ (404 88'C 9¢C 00°¢ I¢e €LT ¥9¢C vTe €8'c 19C 69C ¥8°C Gee 6CC v
€v'o 90 L¥°0 Sv'o 6€0 ggo 70 80 050 150 1¥°0 (4540 €90 9%°0 8¢€°0 €€0 d (ey/)
proi£ ropew L1q

£€°0 150 69°0 670 seo 9%°0 ¥S°0 ¥70 €70 ¥S0 0%°0 1¥°0 1¥°0 6%°0 LE0 €0 v
90'9 989 VAAc Sra) 8% [4%°) 00°¢g 99'% 06°S 88'G 06'% €y G6'g (4] LSY €y d (ey/1)
PISIA ssew uaain)

9LV 1€9 6C’L qa'g LSY 009 79 q0°g €r'g 1€9 <09 96V 76’V 1¥'q ¥9'v ey \4

0zt 08 0¥ 0 (48 08 0¥ 0 (48 08 0¥ 0 0zt 08 0¥ 0

uonezI[19y usdoiru ad 4y 1o19uwrered
[ros pajednsaau]

wWNUapgAToW Y3Im pajeary

wnuapgAJow YjIm pajearj jou

wnuapgA[ouw Yjrm pajeary

wnuapgAJouW Y3Im pajearj jou

paas pajernoouy

Pa9s Paje[ndouI-uoN

(000Z Pue 666T) ste3owered pajednsaaur jo sanfea ageraAy ‘¢ d[qeL

PLANT SOIL ENVIRON., 50, 2004 (1): 39-45

42



Our results are in accordance with the results
obtained by Fageria and Carvalho (1996), who re-
ported that seed yield in pea inoculated variants
was in positive correlation with average number
of pods per plant and average number of seeds
per pod.

Molybdenum fertilization resulted in a statis-
tically highly significant increase in these yield
parameters compared to variants without mo-
lybdenum. Srivastava and Ahlawat (1995) also
determined positive molybdenum effects on the
average number of pods per plant.

The highest average number of nodules per plant
was attained on Mollic Gleysols in the inoculated
variant, not treated with molybdenum but fertilized
with 40 kg N/ha.

Eutric Cambisols were known for the highest
average of the mentioned parameter obtained in
the inoculated variant without sodium molybdate
application and with fertilization of 80 kg N/ha.

In both years of investigations the highest val-
ues of nodule dry mass on Mollic Gleysols were
determined in inoculated seed variants with mo-
lybdenum and nitrogen fertilization at a dose of
40 kg/ha. All other variants attained statistically
significantly lower averages of nodule dry mass.

Eutric Cambisols are known for the highest
nodule dry weight averages also obtained in the
inoculated variant with molybdenum fertilization
at a nitrogen dose of 80 kg/ha.

Molybdenum application led to a reduction in
the average number of nodules per plant and at
the same time to a highly significant increase in
nodule dry weight in both experimental years. Our
results are in agreement with the results of inves-
tigations of some authors (Vojinovi¢ and Petrovi¢
1967, Jongruaysup et al. 1993) who stated that the
total number of nodules (being coarser and physi-
ologically more active) per plant was reduced by
molybdenum application. This is the reason why
molybdenum treated legumes, regardless of the
decrease in nodule number compared to untreated
plants, take up a higher amount of nitrogen.

In both years of investigations protein content in
plants and seeds was in positive correlation with
nodule dry weight, being in accordance with the
results of investigations carried out by Vikman
and Vessey (1993), who stated that protein content
depended on nitrogenase activity that is in direct
relation with the activity and number of nodules.

Protein concentration in both years of investiga-
tions was higher in inoculated plants compared to
the non-inoculated ones (2.80-4.07%). The same
case was with the seed protein content where the
above-mentioned difference ranged from 3.09 to
15.62%. Milakovic¢ et al. (2000) reported similar
results for beans where seed proteins of inocu-
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lated plants were higher by 11.5-25% than protein
concentration in non-inoculated plants. Hanus et
al. (1981) reported that the inoculation of legumes
with various HUP" (hydrogen uptake of positive
strains possessing the enzyme hydrogenase that
recycles developed hydrogen and includes it in
the nitrogenase reaction again) nodule bacteria
strains significantly increased total protein content
(in both plant and seed) in long-term field experi-
ments in Oregon (USA).

The highest plant and seed protein concentrations
in non-inoculated plants were achieved in molyb-
denum treated variants at nitrogen fertilization of
80 kg N/ha, and without molybdenum using slightly
higher nitrogen fertilization — 120 kg/ha. It is in ac-
cordance with the results of investigations conducted
by Nygren et al. (2000), who found out that both
yield elements and plant and seed protein content
were increased by nitrogen fertilization.

Based on the obtained results it can be concluded
that seed inoculation with compatible strains of the
bacteria Rhizobium leguminosarum and molybdenum
foliar application lead to nitrogen fertilization re-
duction and yield elements and field pea quality
increase at the same time. It is of special importance
from economic and ecological aspects.
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Vynos hrachu a jeho kvalita v zavislosti na inokulaci semen a hnojeni dusikem a molybdenem

V dvouletém pokusu byl na dvou ptidach — mollickych glejich a eutrickych kambizemich sledovan vliv inokulace
semen biologickym preparatem obsahujicim hlizkové bakterie Rhizobium leguminosarum, dale vliv aplikace davek
0, 40, 80 a 120 kg N/ha a vliv hnojeni na list molybdenem na vynos zelené hmoty a susiny, vynos semen, pramérny
pocet luski na rostlinu, priimérny pocet semen na lusk, priimérny pocet hlizek na rostlinu, hmotnost susiny hlizek
a koncentraci bilkovin v celé rostliné a v semenech. Nejvyssi hodnoty vSech sledovanych parametrii byly zazname-
nany u variant inokulovanych semen s aplikaci molybdenu s vyjimkou primérného poctu hlizek na rostlinu, kde
nejvyssich hodnot dosahly varianty bez molybdenu. Vliv dusikatého hnojeni zavisel na ptidnim typu, tj. na chemic-
kych vlastnostech ptid. Nejvyssi pocet sledovanych parametrti dosahl nejvyssich hodnot pfi hnojeni davkou 40 kg N/ha
na mollickych glejich (3,96 % organické hmoty). Vynos semen zde ¢inil 4,02 t/ha, susina hlizek dosahovala 0,482 g na
rostlinu a koncentrace bilkovin v semenech 26,91 %. Nejvyssi pocet sledovanych parametrt na eutrickych kambi-
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zemich (1,07 % organické hmoty) zaznamenal nejvyssi hodnoty pfi hnojeni ddvkou 80 kg N/ha, kdy vynos semen
dosahoval 3,65 t/ha, susina hlizek ¢inila 0,456 g na rostlinu a koncentrace bilkovin v semenech 26,48 %.

Klicova slova: inokulace; hnojeni dusikem; molybden; Rhizobium leguminosarum; hrach sety; vynos semen; bilkoviny;
sus$ina hlizek
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