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Influence of Substrate, Nitrogen and Potassium Fertilization
—___on Yield and Chemical Composition of Broad-Bean

Wplyw podtoza oraz nawozenia azotem i potasem na plon i sktad chemiczny bobu

Papilionaceous plants, for example broad-bean, can, like all others, use
the mineral nitrogen. However, it is assisted by the decrease of nitrogen
fixation from the atmosphere in the amount almost same as the up-taken
Mineral nitrogen (Scherer et al. 1980).

Binding of the atmospheric nitrogen is performed by the symbiotic sys-
tf’ml papilionaceous plant — Rhizobium. It starts with receiving appropriate
Signals exchanged between Rhizobium and the master plant. Roots of the
Papilionaceous plants extrude the complex of metabolites, mainly flavono-
1ds, which are taken up by the bacteria and cause the activation of Rhizo-
bivm (Peters et al. 1986).

Incubation of an appropriate plant and Rhizobium leads to hair ben-
d,ing, which creates the conditions for bacteria to penetrate. After penetra-
Uing the hair the bacteria create the infection thread. Mitotic activity of pri-
Mary cortex cells leads to the increase of nodule primordium. In the final
Phase the cells of Rhizobium penetrate the cytoplasm of primordium cells,
Which grow to mature nodules. Bacteria in cytoplasm divide and differentia-
te Teaching irregular shapes of bacterioids, which bind nitrogen. They supply
Plants with NH,* and get carbohydrates instead. This process is conducted
Y specific genes, which induct both partners in various states of symbiotic
Mteraction (Ronson et al. 1987, Adams et al. 1984, Glowacka 1992).
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Papilionaceous plants can, in optimum conditions, bind from several
dozen up to several hundred kg of N/ha/year, which surely is a positive fe-
ature of these plants. However, for the proper growth and development,
despite nitrogen, they need other nutritional components such as potassium,
which can be supplied to the plants as KCl or K,SO,.

Therefore the aim of the present study was to determine the influence
of KCl, K,SO,, mineral nitrogen and substrate type on the yield of seeds,
green tops and nodules in broad-bean.

MATERIAL AND METHODS

The research was performed in a green house from the beginning of March till the
middle of May in the years 1989-1991. Two substrates were used: soil+low peat and
soil+sand, which were mixed together in 1:1 proportion (by volume). Soil was taken from
the surface arable layer of the field, on which broad-bean had been cultivated. Low peat of
pH 6.8 contained 30% of organic substance, and the sand of pH 7.3 contained 3% of fine
particles.

The experiments were carried out according to the triple cross classification system, in
Mitscherlich pots of 5 dm™ capacity. During the period of vegetation of broad-bean the
following fertilisation was used (in mg dm™):

— phosphorus 500 P in the form of 46% superphosphate;

— microelements: 1.8 Mn, 0.6 B, 0.08 Cu, 0.07 Zn, 0.08 Mo, 9.0 Fe. Both phosphorus
and microelements were used while filling the pots;

— potassium 1000 K in the form of KCI and K,SOy;

— magnesium 100 Mg as MgSO, x 7 H,0. Potassium and magnesium were used in
four doses, every 7 days, starting from the fourth week after sowing.

The test plant was broad-bean (Vicia faba var. major L), White Windsor variety. Three
plants were cultivated in each pot.

Cropping was performed in the period of milk maturity of the seeds after 72 days.
Yields of green tops, seeds, and the mass of nodules were measured. Nodule mass was
determined twice: during flowering and at the time of harvest. The results were statistically
analysed according to the experiment method (triple cross classification), and the confiden-
ce half-intervals were calculated using Tukey’s test.

In leaves and seeds of broad-bean the following were determined: organic nitrogen
using Kjeldahl’s method; P, K, Ca — after dry combustion, using common methods; and
in the 2% extract of CH;COOH — sulphur with barium chloride and chlorine with silver
nitrate.
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RESULTS AND DISCUSSION

The research was carried out for three years in a greenhouse, where the
temperature was about 15°C at night, and 22°C during the day, and the water
Capacity was kept at the level of 60%. Broad-bean vegetation period, from
sowing till cropping in the phase of milk maturity, lasted for about 10 weeks.

Considering that similar results had been received concerning the inve-
stigated features, they are presented here as average values for three years
of the study.

Significant differences in yield of green tops and seeds in plants which
grew in the substrate soil+peat in comparison with the soil+sand (which
Was the bed with higher content of organic substance) were noticed (tab. 1).

In Prat’s research (1960) it was proved that humic acids extracted from
low peat stimulated the symbiosis of papilionaceous plants with Rhizobium
leguminosarum. These acids were also buffering the substrate, which regula-
ted the reaction and the concentration of nutritive components, which posi-
tively influenced the growth and development of plants.

Fertilisation with mineral nitrogen was the second of the investigated
factors. Small doses were used every other day to try to imitate the binding
of atmospheric nitrogen. The results showed that the nitrogen added in the
amount of 0.3 g N dm? of the substrate had an important influence on the
Yield of seeds and green tops (tab. 1).

Bendycka et al. (1995) used the nitrogen doses from 0 to 240 kg N ha™.
However, the only doses which significantly influenced the growth of broad-
bean seeds were those from 20 to 120 kg N ha'. Michatoj¢ (1997) showed
Significantly higher yield of broad-bean seeds after using 40 kg N ha™.

The mass of nodules was determined twice: in full flowering period and
during the period of milk maturity of the seeds. Significant influence of mi-
Neral N and the substrate on noduling was stated. The nitrogen used in the
form of NH,NO, since the beginning of flowering till cropping significantly
limited the mass of formed nodules (tab. 1). The results are similar to those
Teceived by Richards et al. (1979) and Scherer et al. (1980). They stated that
the used mineral nitrogen limited the uptake of atmospheric nitrogen from
air and noduling in bean, broad-bean, and small-grained broad-bean.

In the substrate with higher content of organic substance (soil+peat) it
Was found out that the mass of nodules was lower, during flowering, than in
S0il+sand. During the second term that correlation was not observed. The
Positive influence of the soil+sand substrate on the development of nodules

-
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Tab. 1. Yield of fresh mass of green tops, seeds and nodules of broad-bean in g/pot.
Average values from 1989-1991

Substrate

Soil + peat

Soil + sand LSDy s

N dose
[g N dm?]

0 03

0 0.3

K fertiliser

KCI' 'K;SO, - KClI K;SO,

KT K80, KET ™ K80,

Top-parts

217587 21166 24463 221.56

138.40 12470 15093 138.13

mean for
N dose

214.61 233.09

13155 14453  10.08

mean for
substrate

250y

138.04 57.49

Seeds

33.40 4150 4433 4576

17.53 1830 2423  26.00

mean for
N dose

37.45 44.89

17.91 2541 6.05

mean for
substrate

41.25

21.52 1.57

Nodules I*

6.30 5.05 1.85 2.15

9.25 6.90 4.50 4.55

mean for
N dose

5.67 2.00

8.07 4.52 2.17

mean for
substrate

3.85

6.30 1.38

Nodules II*

1.90 6.76 3.10 3.76

6.40 i 3.96 3.26

mean for
N dose

s 3.43

5.96 3.61 ik

mean for
substrate

5.38

4.79 n.s.

*I — harvest at full flowering
*II — harvest at milk maturity of seeds

in the initial period of vegetation should be explained by a better possibility
for the air to reach the root zone, which means better conditions for the
nodules’ development.

Maliszawska et al. (1971) emphasize the positive influence of the physi-
cal properties of soil on the development of Rhizobium. The results concern-
ing the mass of nodules in the period of cropping are also interesting. Close
or higher mass of the nodules during seeds’ milk maturity than during the
period of flowering was stated. These results prove that broad-bean keeps
the possibility of noduling, and therefore of binding the atmospheric nitro-
gen until the cropping of seeds. Schilling (1982) stated that'in peas and whi-
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Tab. 2. Content of dry mass, N, P, K, Ca, Cl, S-SO, (in % d. m.) in leaves and seeds
of broad-bean. Average values from 1989-1991

Substrate Soil + peat Soil + sand
K fertiliser KCI K;SO, KCl K,SO,
Dose g N dm*? 0 0.3 0 0.3 0 0.3 0 0.3

D. mass leaves 1586 1601 16.14 1691 1514 1539 17.04 16.66
geens 22012491 24507 " 4077 L2338 280 E S50 £ 24.12

N-total leaves  3.36 3.64 3.56 3.61 ST 3.86 3.82 4.05
seeds  4.39 4.45 4.45 4.47 4.25 4.38 427 4.36

leaves  0.08 0.08 0.10 0.08 0.19 0.19 0.21 0.21

B seeds  0.37 0.40 0.44 0.41 0.47 0.40 0.48 0.46
leaves  3.23 3172 3.16 3.49 3.76 4.74 4.14 442

K seeds 1.69 1.60 151 1.65 1.81 1.71 1.77 1.73
leaves  3.58 3.05 2.55 2.46 3.28 2.69 1.46 1.27

Ca seeds  0.03 0.03 0.03 0.02 0.03 0.01 0.01 0.01
leaves  1.76 243 0.21 0.27 2.59 3.10 0.30 0.41

Cl seeds 0.12 0.17 0.06 0.06 0.20 0.20 0.08 0.08
leaves  0.14 0.23 0.32 0.36 0.25 0.25 0.62 0.57

S-S0, seeds 0.03 0.03 0.05 0.05 0.02 0.02 0.06 0.07

te lupine the bonding of N, ended after flowering, while in broad-bean it
lasts also after flowering, which means that there is a possibility of using the
Casily available source of nitrogen much longer.

Differentiated potassium fertilisers were the third of the investigated
factors. Lack of the influence of KCI and K,SO, on yield of seeds, green
tops, and nodule mass in broad-bean was stated.

Chemical composition of plants was determined by analysing seeds and
leaves during the period of cropping. Trace quantities of mineral forms of
Nitrogen in leaves and their lack in seeds were found. That is why the con-
tent of N-NH , and N-NO, has not been presented in table 2. The amount of
Organic nitrogen was differentiated to a small degree by the investigated
CXperimental factors (tab. 2).

Many authors emphasize close correlation between the nitrogen dose
and its content in a plant. Considering the higher yield of green tops and
Seeds after using mineral nitrogen and very close content of nitrogen in
Plants which used the atmospheric N and the mineral N, we should come to
4 conclusion that the plants being able to use the easily available mineral
Nitrogen — took it, but at the same time they limited noduling. It was also
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noted that after using mineral nitrogen the content of potassium, chlorine,
and sulphur in leaves was higher, while the content of calcium was lower
than in the ones that used atmospheric nitrogen. That correlation, although
not so significant, was also observed in seeds. The influence of the mineral
nitrogen on the content of dry mass was not noticed univocally. It is a widely
known fact that the increasing doses of nitrogen cause the decrease of dry
mass content. But this dependence was not confirmed by this research. It
should be explained by very small doses of nitrogen (20 mg N/dm® every
other day), which were applied during the vegetation period, to try to imita-
te the binding of the atmospheric nitrogen (tab. 2).

According to Benedycka et al. (1995), a dose of 0.5 g N/pot stimulated
the growth and the accumulation of nutrients in broad-bean. It was also
confirmed by this research.

Differentiated substrate decided only upon the content of phosphorus
in broad-bean leaves. Its concentration in the plants growing on the substra-
te: soil+sand was stated twice as high (tab. 2). It is obviously related to the
amount of calcium in the substrate: in the soil+peat it was about 2200 mg
Ca dm?, while in the soil+sand it was about 820 mg Ca dm? (tab. 3). It
proved that high concentration of calcium in the substrate limited the amo-
unt of phosphorus easily available for the plants.

The potassium fertilisers used considerably differentiated the content
of dry mass, calcium, chlorine, and sulphur in plants and, to a smaller de-
gree, the content of nitrogen, phosphorus, and potassium (fig. 1). In plants
fertilised with potassium in the form of KCI, higher content of calcium and
chlorine was recorded, while in plants fertilised with K,SO, higher contribu-
tion of dry mass and sulphur was found (tab. 2, fig. 1).

Tab. 3. Content of N-NO;, P, K, Ca, Cl, S-SO, in mg dm? in the substrate,
in the experiment with broad-bean. Average values from 1989-1991

Substrate Soil + peat Soil + sand

K fertiliser KCl K,SO, KCl K,SO,
Dose g N dm 0 0.3 0 0.3 0 0.3 0 0.3
N-NO, 30 45 31 67 15 29 18 28
P TPt 68 172 165 175 178 193 181
K 545 605 615 608 556 662 675 690
Ca 2266 2056 2516 2143 818 860 759 899
Cl 486 560 56 56 456 516 68 89
S-SO, 227 235 475 440 126 118 280 317
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Fig.1. Influence of fertilising with KCI and K;SO, on chemical composition of leaves
and seeds of broad-bean
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According to Geissler (1953), plants react differently to potassium used
in the form of KCl and K,SO,. This different reaction is caused by an anion,
which accompanies potassium CI, SO, Nurzyfiski (1976) in his studies on
KCl and K, SO, showed the lack of influence of those fertilisers on the yield
of vegetable plants cultivated on peat substrate. He also stated a higher con-
tent of calcium, magnesium, and molybdenum, and a lower content of nitra-
tes and potassium in plants fertilised with KCI compared to the ones fertili-
sed with K,SO,. It should be stressed that in the present research there was
no influence of differentiated potassium fertilisers on yielding and mass of
nodules despite the fact that the analysis of the substrate carried out during
cropping, showed the content of chlorine above 500 mg Cl dm? (tab. 3).
Therefore, broad-bean is a species, which tolerates high concentration of
chlorine and sulphur in substrate very well.

CONCLUSIONS

1. The yield of seeds and green tops was higher in plants grown in the
soil+peat substrate, while nodule mass during flowering was higher in plants
grown in the soil+sand substrate.

2. Mineral nitrogen added in the amount of 0.3 g N dm? significantly
influenced the yield of seeds and green tops, but also limited the mass of
nodules of broad-bean. It was also proved that the mass of nodules in plants
during the period of milk maturity of seeds was close or higher than during
the period of flowering.

3. There was not any significant effect of KCl and K, SO, on the yield of
seeds, green tops and nodule mass in broad-bean found.

4. The analysis of chemical composition of plants showed higher con-
tent of calcium and chlorine in plants fertilised with KCl, while the dry mass
and sulphur contents were higher in plants fertilised with K SO,.
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STRESZCZENIE

Badania przeprowadzono w wazonach w szklarni. Dotyczyly one okreslenia wplywu
Kl K,SO,, N-mineralnego oraz podloza na plon nasion, czgsci nadziemnych oraz mas¢
t”lr‘Odawe:k u bobu. Okreslono ponadto wplyw badanych czynnikéw na skiad chemiczny ro-
Slin,
 Stwierdzono wyzszy plon nasion i czesci nadziemnych u roslin rosnacych w podiozu
Ziemia + torf. Zastosowany N-mineralny w ilosci 0,3 g N dm® powodowat wzrost plonu
Nasion i czesci nadziemnych, ale jednocze$nie ograniczyl mas¢ brodawek.

Zréinicowane nawozy potasowe (KCI, K;SO,) nie mialy wplywu na wielko$¢ plonu
Nasion, czesci nadziemnych i brodawkowanie u bobu, ale réznicowaly zawartos¢ suchej masy,
“apnia, chloru i siarki w ro§linach.
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