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The ability to release phosphorus from hardly soluble compounds was deter-
mined in three Bradyrhizobium japonicum strains D576, D574 and D216.
These strains were then tested for association with soybean roots (Glycine max
L.) in a pot experiment with soil. The pots were fertilized by non soluble Gafsa
rock phosphate in a quantity corresponding to 90 kg per hectare. The effective
phosphorus solubilizing strain D574 increased the shoot dry weight in soybean,
as well as the quantity of labile phosphorus in soil.

Bradyrhizobium; Rhizobium; nodule bacteria preparation; soybean; solubiliza-
tion of phosphorus; rhizosphere microflora

Only a small part of phosphorus added into the soil in mineral fertilizer
form is used up by plants. The effect of P-fertilizing is estimated from 10 to
30 %. In fact, 70 to 90 % of added phosphorus get transformed into hardly
soluble forms which are difficult to take by plants. As phosphorus is relati-
vely little used up, regular and high doses of mineral fertilizers are used to
facilitate high yields.

One of the possibilities how to increase the effectiveness of mineral P-
-fertilizing and to improve utilization of soil phosphorus is to use the activi-
ties of soil microflora,

The ability to release phosphorus from hardly soluble compounds was
found also in bacteria of the Bradyrhizobium (Reichlov 4, 1972) and
Rhizobium geni Badr EI1-Din etal..1985: Dhin gra etal., 1987).

The effect of three Bradyrhizobium Japonicum strains with different P-so-
lubilizing activity on soybean yields was observed as well.

MATERIAL AND METHODS

Three Bradyrhizobium Japonicum strains D576, D574 and D216 from the

CZeChoslovak Rhizobia collection were used for inoculation. These strains
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were first tested for their P-solubilizing activity in submersion shaked cultu-
res.

Ioculum was prepared from a collection strain destined for testing in
liquid culture. 1 ml of prepared inoculum was pipetted into 100 ml of sterile
nutrient solution (Do mey, 1987), 50 mg of non soluble Ca3(PO4)2 was
added. Cultivation went on in flasks for 7 days at 28 “C by constant shaking,
Each variant had three replications. Microscopic control of the medium was
done at the beginning and at the end of incubation. The content of soluble
phosphorus was determined accordingto Murphy, Riley (1962)and
Machiacdek, Kotek (1978).

Soybean (Glycine max L.), variety Sluna, was used as experimental plant.
One sprouted soybean seed was planted into a plastic pot filled with 400 g
of sieved brown soil from a plot of the Research Institute for Crop Production
Prague-Ruzyn&. Each pot was fertilized by non soluble Gafsa phosphate in
a quantity corresponding to 90 kg of phosphorus per hectare. Each variant
was grown in 14 replications. After sowing the seeds were inoculated by
20 ml (1.10° cells/ml) of suspension of the respective Bradyrhizobium japo-
nicum strain. Control without inoculation was not introduced into the
experiment as the Ruzyn& soil does not contain native populations of Brady-
rhizobium japonicum and N-uptake into the plant would be in this case
a limiting factor.

The pots were placed in a glasshouse at day temperature of 25 to 30 °C,
night temperature of 15 to 18 °C and photoperiod of 18 hours. The experi-
ment was completed in the stage of full flowering and the following factors
were analysed: shoot dry weight, root dry weight, number of nodules and
quantity of labile phosphorus in soil Bray, Kurtz, 1945;
McLean, 1985). Statistic evaluation was done by a one way variance
analysis and consecutive comparison of mean levels by Tukey’s method.

RESULTS AND DISCUSSION

P-solubilizing activity of three Bradyrhizobium japonicum strains D576,
D574 and D216 was analysed in the first part of the experiment. The content
of solubilized phosphorus in a solution of submersion shaked cultures of
inoculated suspensions of individual strains (Tab. I) was determined.

The results make it evident that D576 and D216 strains did not release any
phosphorus. These strains are lacking the P-solubilizing activity. On the con-
trary, the D547 strain shows a large P-solubilizing activity.

From the point of view of nitrogenase activity, comparatively effective
strains were selected.
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10 Solubilized phosphorus content in

submersion shaked cultures Bradyrhizobium japonicum strains P (mg/l)
D576 0
D574 45.7
D216 0

II. Yield of shoot and root dry weight, number of nodules and quantity of labile phosphorus in
soil in soybean inoculated by different strains

Brad. japon. | Shoot dry weight | Roots dry weight Number of Quantity of labile
strain (g/plant) (g/plant) nodules per plant P (mg/kg)
D576 0.51 A" 0.08 NS™ 12.1 NS 48.1 AB
D574 0.60 B 0.09 13.1 56.1 B
D216 0.54 AB 0.09 119 42.5 A

.
levels in the column designed by the same lett i i istics stoniks
P = 0.05) g Yy e er do not differ in a statistically significant way

** statistically not significant differences

.In the second part of the experiment, the strains were tested in association
with soybean roots (Tab. II).

The present research was based on the fact that both factors, accessible
phosphorus and inoculation, increase nodulation and nitrogenase activity and
may thus influence the soybean yields as well. As strains with comparable
nitrogenase activity were chosen for inoculation, the dry weight increase may
be at least partly due to their different P-solubilizing activity. As the phospho-
Tus was applied in the form of hardly soluble Gafsa rock phosphate, it may
gﬁ(;s’slll)[l)]posed thalt the alctive phosphorus solubilizing strain D547 made the

orus partly available. This is ighe abi
o ﬂ, Soyil e Varianl:_ 1s proved also by a higher level of labile

The results of our experiment confirm conclusions of a number of authors
g\aecr:thmng in their papers the ability of Rhizobium and Bradyrhizobium
£ _elr)la_ to release phosphorqs from hardly soluble compounds (Badr
= In etal, 1986; Dhingra etal, 1988; Downey, Van

€ssel etal, 1990; Kabesh etal., 1990).
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MIKANOVA, O. - KUBAT, J. (Vyzkumny tstav rostlinné vyroby, Praha-Ruzyng):
Inokulace kmeny Bradyrhizobium japonicum s riznou P-solubilizacni aktivitou
a jejich vliv na vynosy sdje.

Scienta Agric. Bohem., 25, 1994 (1): 63-67.

Jednou z mo¥nosti jak zvysit Géinnost hnojeni fosforednymi hnojivy a zlepsit cer-
pani fosforu z plidy je vyuZiti aktivity pidni mikrofléry (D omey , 1987).

Schopnost uvoliiovat fosfor z t&%ko rozpustnych sloucenin byla zjisténa také
u bakterii rodu Bradyrhizobium (Reichlové, 1972) a Rhizobium (B adr
El-Din etal, 1985, Dhingra etal., 1987).

V priéci byl sledovéan vliv ¥ kmen@ Bradirhizobium japonicum s riznou P-solu-
bilizadni aktivitou na trodu séje.

K inokulaci bylo pouZito tf{ kment Bradyrhizobium japonicum z Cs. sbirky Rhi-
zobii D576, D574, D216. Tyto kmeny byly nejprve testovany z hlediska P-solubili-
zatni aktivity v submersnich tfepanych kulturdch. Obsah rozpustného fosforu byl
stanoven podle autori Murphy, Riley (1962) a Machédéek, Ko-
tek (1978) (tab. I).

Tyto kmeny byly déle testovany v asociaci s kofeny séje (Glycine max L.) odrudy
Sluna v nidobovém pokusu se zeminou. Kvétini¢ky byly hnojeny nerozpustnym
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fosfitem Gafsa v mnoZstvi, které odpovidalo 90 kg P na hektar. Nadoby byly umisté-
ny ve skleniku. Pokus byl ukoncen ve fizi plného kvétu a byly vyhodnoceny: sufina
NH, su$ina kofen, polet hlizek a mnoZstvi labilniho fosforu v piidé¢ (Bray,
Kurtz, 1945 McLean, 1984). Statistické hodnoceni bylo provedeno jedno-
cestnou analyzou variance a nislednym srovninim mezi priiméry pomoci Tukeyovy
metody (tab. II).

7 vysledkii vyplyvi, Ze kmeny D576 a D216 neuvolnily Z4dny fosfor. Jedn4 se
tedy o kmeny bez P-solubilizaCni aktivity. Naproti tomu kmen D574 vykazuje znag-
nou fosfor solubilizujici aktivitu. Z hlediska nitrogenazové aktivity byly vybriny
kmeny srovnatelng efektivni.

Nyn&j3i vizkum byl zaloZen na skute¢nosti, Ze oba faktory, pistupny fosfor i ino-
kulace, zvy$uji nodulaci a nitrogendzovou aktivitu a mohou tedy ovliviiovat i vynosy
u soje. Vzhledem k tomu, Ze k inokulaci byly vybriany kmeny vykazujici srovna-
telnou nitrogendzovou aktivitu, Ize zvySeni suSiny alespoli &dstelné pfiditat jejich
rozdilné P-solubiliza¢ni aktivit€. ProtoZe fosfor byl aplikovan ve formé tézko roz-
pustného Gafsa-fosfitu, existuje pfedpoklad, Ze aktivni fosfor solubilizujici kmen
D574 &astedné fosfor zpfistupnil. Tomu odpovida i zvy$ené mnoZstvi labilniho fosfo-
ru v piidé u této varianty.

Vysledky naSeho pokusu potvrzuji zji$téni fady autoril, v jejichZ pracich je schop-
nost bakterii rodu Rhizobium a Bradyrhizobium uvolfiovat fosfor z t7ko rozpustnych
sloudenin také uvedena(Badr El1-Din etal,1986; Dhingra etal., 1988;
Duwney, Van Kessel,1990; Kabesh etal., 1990).

Bradyrhizobium; Rhizobium; ofkovaci preparat; s6ja; solubilizace fosforu; rhizosfern{
mikrofléra
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