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Abstract: The effectiveness of eight strains of Azofobacter chroococcum and of
one strain of Azospirilum lipoferum and Beijerinckia Derx each was studied in two varieties
of wheat Nevesinjska and Venera grown in vegetation house on the soil of the carbonate
chernozem type. The efficiency of diazotrophs was found to depend on their type, wheat
variety and the properties studied. The best efficiency was obtained on the strains Azofo-
bacter chroococcum. The efficiency of diazotrophs was the best in Nevesinjska, and some-
what weaker in Venera. The examined kinds of diazotrophs mainly led to an increase in
plant height, number of nodes, spike length, number of fertile and sterile spikelets per spike,
productive tillering, absolute mass of 1000 kernel weight, grain number per spike and per
plant and grain yield per spike and per plant, as well.
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Introduction

One of the most important problems in wheat production is to provide
for sufficient quantities of nitrogen ensuring high yield. Beside organic, mineral
fertilisers are also used in wheat production today. Nitrogen mineral fertilisers
are costly, of poor quality and environmental pollutants. In addition, 10-30%
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mineral nitrogen is either lost during denitrifying process or leached in groun-
dwaters. Different kinds of diazotrophs and nitrogen fixers, which, by means of
nitrogenous enzymes, can fix 30-60, and, by some authors, even up to 150
kilogrammes of atmospheric nitrogen per hectare live in soil (Doberainer et al.,
1972; Misustin, 1982; Umarov, 1982; Govedarica et al., 1994; Kozemjakov and
Tihonovic, 1998). Introducing of the highly effective species and strains of
diazotrophs obtained through selection of particular quantity of the mineral
nitrogen may be replaced with biological nitrogen, as its more suitable form for
the plants. Diazotrophs have the ability to swiftly colonize on the plant root or to
enter into it directly delivering overall fixed nitrogen to the plants in its most
suitable form. On our planet, some 170-190 million tonnes of atmospheric
nitrogen are fixed in all the ecosystems by means of diazotrophs (Babeva and
Zenova, 1989).

Apart from nitrogen fixation, diazotrophs also synthesize physiologi-
cally active matter, such as: auxin, gibberellin, cytokinin and vitamins. This
helps enhance respiration and photosynthesis process, water and mineral matter
intake, plant resistance to phytopathogenic microorganisms and stressful circu-
mstances. Diazotrophs also produce mucous matter allowing microaggregates
and macroaggregates to stick together and thus improve soil structure. Also,
diazotrophs enhance both, number and biochemical activity of other micro-
organisms and thus raise soil fertility. They are able to absorb and accumulate a
range of heavy metals, radio-active matter and pesticides in their cells, thereby
excluding them from the process of cycling.

Materials and method

Eight strains of Azotobacter chroococcum and one strain of Azospirillum
lipoferum and Beijerinckia Derx each were picked out for current sudies. Bacteria
strains were propagated on the appropriately selected nutritional stocks. Two
varieties of the spring wheat, Venera and Nevesinjska, grown in Mitscherlich's di-
shes on the carbonate chernozem soil, were used for the experiment. The soil was
mixed with river sand in the ratio 4:1. The experimental treatments were, as fo-
llows: 1. control without addition of mineral nitrogen; 2. control with the addition
of 0.5 g NH,NO; per dish versus 62.8 kg N/ha; 3. control with the addition of 1.0 g
NH,NO; per dish versus 125.6 kg N/ha; 4. control with the addition of 1.5 g
NH,NO, per dish versus 188.4 kg N/ha; 5. Azotobacter chroococcum strain 2; 6.
Azotobacter chrocooccum strain 3; 7. Azotobacter chroococcum strain 10; 8.
Azotobacter chroococcum strain 6; 9. Azotobacter chroococcum strain 20; 10.
Azotobacter chroococcum strain 76; 11. Azotobacter chroococcum, strain 84,
12. Azotobacter chroococcum, strain 86; 13. Beijerinckia Derx, strain 2; 14.
Azospirillum Ilipoferum, strain 107. Wheat plants were grown under temperature
coinditions of the vegetation house. Prior to seeding, wheat seeds were and
control treatments were not inoculated with diazotrophs. Soil humidity was
maintained at the optimal level (60-80% retention water capacity). At the end of
wheat vegetation, harvest was performed by cutting off the plants just above the
soil surface. The following determinations were made: plant height, node number,
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spike length, he number of fertile and sterile spikelets per spike, productive tille-
ring, the absolute mass of 1000 kernels per spike, kernel number per plant, grain
yield per spike and per plant.

Results and discussion

The application of diazotrophs was found to increase spring wheat yield
with decrease in mineral nitrogen amounts.

The efficiency of diazotrophs was found to depend on their type, wheat
variety and on the traits studied. In both varieties, seed inoculation of wheat with
diazotrophs led to increase in plant height, node number and spike length (tab.1.).

Tab.1. The Effect of Diazotrophs on Plant Height, Node Number and Spike Length

Treatment Plant Height Node Number Spike length
Nevesinjka Venera Nevesinjka Venera Nevesinjka Venera
g‘l’:t;"l’tr"(‘)’gf“‘ 5520  51.00 3.00 3.00 5.20 4.66
I%‘E‘I{%:”i‘h 058 5580 5120 300 300 535 455
ﬁ‘lﬁﬁl%}“vith L0e 5600 5180 300 300 525 482
%’{‘:‘I{I‘g:ﬁ‘h 158 5930 5330 300 300 528 56l
ﬁr'aciﬁ’zooc"”"”’ 60.83  54.03 3.10 3.00 5.70 432
ﬁr'aciﬁrg"“’“”’" 6132 5570 3.06 3.00 5.66 5.03
;‘:r'aciﬁ’ i 5930  53.80 3.00 3.31 5.56 4.40
;‘:r'aciﬁ’fg“’“”m 5897  54.90 334 3.20 5.50 4.83
::;aciﬁfggc"“””’ 5891  53.60 3.03 3.00 5.62 4.63
S 5280 5710 300 300 540 453
géafg’ggc"“”m 5870  54.62 3.00 3.00 5.30 4.63
::;aciﬁ’ggm“”m 5950  53.09 3.06 3.03 5.43 4.83
?Lfgffizmkia 1R 5770 5220  3.06 3.00 5.33 4.84

Azospirilum lipo-

ferum strain 107 55.40 51.70 2.82 2.90 5.40 5.00

Thus, Azotobacter chroococcum, strain 3 exerted the highest increase.
Diazotrophs also led to a higher number of fertile and sterile spikelets per spike
(tab. 2). Under the effect of the investigated diazotrophs, the absolute mass of
1000 seeds, the number of seeds per spike and the yield of seed per spike were
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increased in both wheat varieties (tab. 3). All the traits were found to increase
best with Azotobacter chroococcum, strain 3. The diazotrophs indicated the best
efficiency in the variety Nevesinjska. High nitrogen fixing activity of diazo-
trophs caused greater fixation of the atmospheric nitrogen which was delivered
to wheat plant for use, hence a higher yield. Similar results were obtained by
other authors (Doberainer, 1978; Feodorova, 1990; Govedarica et al., 1994,
1996; Jarak et al., 1997, 1998; Kozemjakov and Tihonovic, 1998). Many authors
think that diazotrophs selelection should be performed at the level of plant
genotype in order to choose the most efficient species and strains (Umarov,
1983; Zavjagincev, 1985; Vasjuk, 1987; Govedarica et al., 1990, 1996, 1997,
1998). This was proved in our studies so that Azofobacter chroococcum strain 3
was the most efficient in the variety Nevesinjska and Azotobacter chroococcum
strain 76 in Venera.

Tab.2. The Effect of Diazotrophs on the Number of Fertile
and Sterile Spikelets per Spike

Treatment Number of fertile Number of sterile
spikelets per spike spikelets per spike
Nevesinjka Venera Nevesinjka Venera

16.40 16.49 3.30 2.68

Control without min.

nitrogen

%}ﬁ%}wm - 1650 1611  4.48 2.70
ﬁ?ﬁﬁ%}wnh 10¢ 1670 1650 483 2.60
g‘fﬂtﬁ%fﬂh b 1670 1614 420 246
ﬁ;a‘;ﬁ’g P 1826 1491  2.88 2.96
iy 1853 1565 290 3.4
e 1796 1521  3.66 3.0
e 1762 1575 296  3.83
ol 1813 1510 263  3.08
ol 1742 1516 256  3.00
e 1733 1650 273 3.10
(e 1733 1506 280 272
e A ke D 1603 1638 293  3.16
i 2283 1750 352 341

lipoferum strain 107
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When using diazotrophs in wheat production, biological nitrogen may,
to some extent, substitute for the mineral one, and thus help produce ecologi-
cally highly valuable agricultural produce.

Tab.3. The Effect of Diazotrophs on the Absolute Mass of 1000 kernels, Grain
Number per Spike and Yield per Spike

Treatment Absolute mass Grain number Yield per
1000 kemels per spike spike
Nevesinjka Venera Nevesinjka Venera Nevesinjka Venera

Control without

L 3160 3130 1640 1649 055 0.45
S‘I’{':‘If%swnh 058 3600 3200 1650 1611 067 053
NiNo. RO 3660 3330 1670 1650 068 056
g‘;ﬁ;‘g:’“‘h 158 3630 3260 1670 1614 0.5 0.68
:; acifl”g"cocc””’ 3880 3330 1826 1491 0.0 0.47
;‘:;aciﬁfg’oc"“"”’ 4240 3600  18.53 15.65 0.76 0.50
P S 4000 3300 1796 1521 078 053
::;:f -+ g 4030 3230 17.62 15.75 0.95 0.78
o T 4130 3500 1813 1510 093 073
FaE o 4060 3560 1792 1516 0.8 0.72
;‘;acifl”g;’“’“”m 4130 3300 1733 16,50 0.87 0.63
ﬁ;a‘;ﬁfgogw“"’" 3930 3500  17.33 1506  0.63 0.53
Beljerinckia Derx 4130 3400 1603 1638 059 0.59
Azospirilum fipo- 4100 3320 2208 1750 101 082
Conclusions

The efficiency of diazotrophs was found to depend on the type of diazo-
trophs, wheat variety as well as on the traits under way.

The best efficiency was achieved with the strains Azofobacter chroo-
coccum.

The efficiency of diazotrophs was the best in the variety Nevesinjska
and somewhat poorer in Venera.

The types of diazotrophs mainly brought about an increase in plant
height, followed by that in node number, spike length, fertile and sterile spikelet
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number per spike, productive tillering, the absolute mass of 1000 kernels, grain
number per spike and per plant and grain yield per spike and per plant, as well.

Therefore, using of diazotrophs in wheat production will increase yield
sparing nitrogen mineral fertilisers. In such a way, an agricultural produce of the
high ecological value will be obtained.
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UTICAJ DIAZOTROFA NA PRINOS I KOMPONENTE PRINOSA
JARE PSENICE
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Rezime

Diazotrofi ili azotofiksatori su mikroorganizmi koji u svojim éelijama uz
pomoc enzima nitrogenaze vrse fiksaciju atmosferskog azota kojeg potom u najpo-
voljnijem obliku daju biljci na kori§cenje.

Cilj ovih istraZivanja je bio da se ispita uticaj diazotrofa na prinos i ko-
mponente prinosa kod dve sorte jare pSenice.

Biljke pSenice sorte Nevesinjka i Venera su gajene u prirodnim tempe-
raturnim uslovima u vegetacionoj kuci na zemljiStu tipa karbonatni Sernozem. U
radu je ispitan uticaj osam sojeva Azotobacter chrococcum i po jedan soj Azo-
spirillum lipoferum i Beijerinckia Derx.

Efektivnost diazotrofa je zavisila od vrste diazotrofa, sorte pSenice i svoj-
stava koja su ispitivana. Najveca efektivnost dobijena je sa sojevima Azofobacter
chroococcum. Diazotrofi su najvecu efektivnost ispoljili kod sorte Nevesinjka a
necto slabiju kod sorte Venera. Ispitivane vrste diazotrofa su uglavnom izazvale
povecanje visine biljaka, broja nodija, duZine klasova, broja fertilnih i sterilnih
klasaka u klasu, produktivno bokorenje, apsolutnu masu 1000 zrna, broj zrna u
klasu i po biljci, prinos zrna po klasu i biljci. Primenom diazotrofa u proizvodnji
pSenice dobilo bi se povecanje prinosa uz ustedu azotnih mineralnih dubriva. Tako
bi se dobio ekoloski visoko vredan poljoprivredni proizvod.



