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Abgtract
This research was carried out to study the effect of Azospirillum lipoferum on declining the consumption of nitrogen fertilizer on two sunflower
cultivarsArmawireski and Alestar at the Research Station of the Faculty of Agriculturein Baku State University. The nitrogen fertilizer was applied
infour levels (0, 70, 140 and 210 kg/ha) with or without inocul ation of seeds by Azospirillum bacteria. The treated seeds wereinocul ated with peat-
based inoculants of Azospirillumlipoferum, with 2x107 cells per g of carrier. A factorial experiment, conducted with three replications on the base of
randomized complete block design, revealed that nitrogen fertilizer inoculation with Azospirillum could lead to increase in grain yield and yield
components. Using nitrogen fertilizer and bacteriatogether caused declining of the use of nitrogen and increasing of the grain yield. Increasing the
nitrogen fertilizer amount to 210 kg/haand inoculation led to declining of yield to less than that of 140 kg/hatreatment. Theresultsrevealed that in
the case of inoculation with Azospirillumlipoferum, the highest grain yield (5.14 t/ha) was produced and without inoculation the lowest grainyield
(3.68 t/ha) was obtained. The results showed that the inoculation with Azospirillumincreases the yield, percentage of nitrogen in grains, number of
grainsinarow, flag leaf area, head length and number of grainsin head. It can be concluded that by using 140 kg of nitrogen fertilizer per hectareand
inocul ation of mai ze seeds by Azospirillum could declinethe application of nitrogen fertilizer, increasesthegrainyield up to 30 percent and prevents

the pollution of environment by extended sustainable agriculture.
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Introduction

Low irrigation is one of the methods for agricultural production
when availablewater isdeficit *. Sunflower consumesthe greatest
amount of water during growth period average, awell growing
sunflower crop will use 6 mm of water per day “. Nitrogen fixation
was the first mechanism proposed to explain improved plant

growth following inoculation with Azospirillum. Azospirillum
species occur in soil and are enriched in root surface of many
different plants such as wheat, rice, maize, sugar cane * 7. At
present, in some countries, this bacterium is used as biological

fertilizer to produce agricultural products including cereals and
vegetables ® 16, Azospirillum causes physiological and

morphological changes of host plant roots, and the major changes
observed ininoculated roots were increasing of cellular division
at root and rising number of root hairs> *°. Apparently inoculation
alowsplantsto have amore balanced nutrition and the absorption
of nitrogen and other mineral nutrients (such as phosphate,

potassium, zinc and manganese) areimproved > 2 2, Spring wheat
inoculated with Azospirillum lipoferum by using of 40 kg of

nitrogen fertilizer per hectare showed positive effect and increased
grain yield up to 30 percent &°, Inoculation with Azospirillum
increases plant growth, flag leaf areaand quantity of chlorophyl|
in the leaf and led to higher dry weight than non-inoculated

plants 3%, The biological fertilizers attribute not only to the
materials from dung and plant remainders, but also including all
products of microorganisms, e.g. soil bacteria Azotobacter and
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Azospirillum. These bacteria help to preserve the health of the
plant by controlling the pathogenic agent indirectly 1. With respect
to above explanation, determining the effects of growth stimulating
bacteriaon the cropyield in the soilsof every region arecompletely
necessary for extension of the usage of biological fertilizers and
sustai nable agriculture. Therefore, the purpose of the present study
wasto evaluate Azospirillumeffect on growth, development and
decreasing of consumed fertilizer aswell asincreasing of sunflower
yidd.

Materialsand M ethods
The study was conducted at the Research Station of the Faculty
of Agriculture, Baku State University, in 2008. Planted sunflower
cultivarswereArmawireski and Alestar. Thesecultivarsweregrown
with a plant density of 66,000 per hectare. The experiment was
conducted as factorial, based on randomized complete block
designwith threereplications. The nitrogen fertilizer was applied
infour levels, 0, 70, 140 and 210 kg/ha, with or without inoculation
of seeds by Azospirillum bacteria. The treated seeds were
inoculated with peat-based inoculants of Azospirillumlipoferum,
with 2x10 " cells per g of carrier. Inoculated seeds were planted
directly to soil. The first irrigation was done immediately after
seed planting. All treatments were irrigated every 7 days once
until harvesting time. Also nitrogen fertilizer was applied as
topdressing in two stages, emergence and stamen appearance.
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Before harvesting plant height and flag leaf area(flag leaf measured
by leaf areameter) and after harvesting seed weight, head length,
head diameter, grain number per head and number of seedsin row,
percentage of nitrogen in grains and shootsand grain yield were
measured. Percentage of nitrogen was evaluated in Institute of
Soil and Water, Ministry of Agriculture. The datawere tested for
normal distribution and subjected to statistical analysis using
SAS gtatistical software. When analysis of variance showed
significant difference, Duncan’s multiple range test was used to
comparethe meansat p<0.05 8,

Resultsand Discussion
Analysisof variancefor datacollected in the experiment is shown
inTable 1. Themain effect of nitrogen fertilizer wassignificant for
all traits studied. Azospirillum inoculation had also significant
effect on magjority of traits, except the thousand seed weight.
However, their interactionswerenot significant for dl traits, except
flag leaf areaand head length.

Nitrogen fertilizer inoculation with Azospirillum could lead to
increase in grain yield and yield components (Fig. 1). Nitrogen
fertilizer and bacteria applied together caused declining use of
nitrogen and increasing grain yield. M ean comparison of nitrogen
fertilizer levelsand bacterial inoculation (Tables 2-3) showed that
inoculated plants produced more grain yield than control. Increase
of thenitrogen fertilizer amount to 210 kg/haand inoculation led
todeclining of yield to lessthan that of 140 kg/hatreatment (Fig.
2). Use of the nitrogen fertilizer amount higher than this level
enhanced vegetative growth and accumulated nitrogen in
vegetative organs so that plants mature later in cold weather and
could not fill seeds well and so the grain yield decreases
considerably ©. Itisclear that the amount of nitrogen fertilizer
level could vary with regard to various regions *. Mean
comparison of interactions between nitrogen and Azospirillumin
sunflower (Helianthus annuusL.) showed that plantsinocul ated
with Azospirillum|lipoferum produced higher grainyield and grain
number per head.
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Figure 1. Mean of treatment combinations of nitrogen and
Azospirillumfor head length on sunflower.
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Figure 2. Mean of treatment combinations of nitrogen and
Azospirillumfor leaf areaof sunflower.

Enhanced early growth and higher photosynthesisin bacterial
treatments are the main factorsfor yield increase and thiswasin
agreement with results obtained by other researchers* 2. Applying
chemical fertilizer together with bacteria could reduce nearly 50
percent of the use of nitrogen fertilizers. Accumulation of mineral
nitrogen in soils not only enhances environmental hazards but
causes nitrogen losses from soil through ammonification and
denitrification. Pollution of underground waters and increase of
nitrate concentration in agricultural productsare other hazardous
effects of excess nitrogen for human and animal health 8 °.
Environmental pollution reduction, less cost, simple availability

Table 1. Analysisof variancefor traits of inoculated and non-inocul ated sunflower.

Mean square

SV df  Grain Seed Nitrogen Nitrogen Plant Leaf Number  Number Row Head Head
yield weight inseeds inshoots height area of seeds ofseeds number length diameter
in head in row
Replication 2 1.201 94.67 0.086 0.0846 45.42 19.43 1113 7.718 0.656 0.686 0.067
Nitrogen 3 3585%*  3054%*  0.565%*  0.246**  4397**  6167**  53314%*  [37.4%%  1.204%  35.42%*  (0.443%*
Bacteria 1 12.85*  395ns 0273+ 1.788**%  562.2+  8571**  8331* 70.89*%*%  0.510ns  0.004ns
Nitrogen*Bacteria 3 1.63ns 408ns  0.039ns 0.035ns 103.6ns 2197** 8252ns 2.398ns 0.065ns 8.212**  0.012ns
Error 14 2.128 177.7 0.066 0.036 142.9 2479 1873 4.802 0.322 1.694 0.03
CV% - 12.78 5.96 16.93 10.30 5.67 4.95 55.5 4.39 3.65 5.71 3.58
*, %%+ dignificant at 5, 1 and 10% levels and ns non-significant, respectively.
Table 2. Mean comparison of traits eval uated on sunflower cv. Armawireski.
Grain Thousand  Nitrogen Nitrogen Flagleaf Grain Number  Head
Treatment yield seed inseeds  inshoots area number of seeds  length
(t/ha) weight (g) (%) (%) (ecm?) perhead  inrow (cm)
+Azospirillum  5.14 a 72345 a 1.030 a 1.58 b 3364 a 7982 a 15.62a 2392 a
-Azospirillum  3.68 b 67.871b 0.670 a 2.12a 198.6 b 759.9b 13.18b 21.64b
N 210 (kg/ha) 5.84a 70.072 a 1.370 a 223 a 240.0 a 8354 a 16.75 a 25.02a
N 140 (kg/ha) 4.88a 64.891 b 0.970 a 2.04a 2314 a 863.4 a 14.00 a 2424 a
N 70 (kg/ha) 3.51b 54.980 ¢ 0.081 b 1.97a 227.0a 763.7b 10.58 b 22.31b
N 0 (kg/ha) 242¢ 40.460 d 0.032¢ 1.81b 170.2 b 652.0 ¢ 8.29 ¢ 19.56 ¢

*Means in each column followed by different letters are significantly different (P<0.05).
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Table 3. Mean comparison of trait evaluated on sunflower cv. Alestar.

Grain Thousand  Nitrogen Nitrogen  Flagleaf  Grain Number Head
Treatment yield seed inseeds  inshoots  area number of seeds  length

(t/ha) weight (g) (%) (%) (em?) per head in row (cm)
+Azospirillum  4.14 a 64.345 a 097 a 2.58b 2874 a 893.2a 2349a 17.62a
-Azospirillum  2.68 b 58.871b 0.27a 337a 1239b 819.4b 20.73b 1513 b
N 210 (kg/ha)  4.73 a 61.128 a 1.06 a 2.00a 209.03 a 892.31a 1855a 21.3la
N 140 (kg/ha) 391 a 57.571b 0.90 a 1.97 a 202.68a  916.7a 1583a 20.07a
N 70 (kg/ha)  2.98b 49.074 ¢ 0.57b 1.86a 194.74a  627.05b 11.29b 18.11b
N 0 (kg/ha) 1.86¢ 36.948 d 0.12¢ 1.56 b 143.08b  547.19¢ 9.02¢c  1537c¢

*Means in each column followed by different letters are significantly different (P<0.05).

power of reproduction and propagation are the major important
factors of growth stimulation by bacteriaand biological fertilizers
compared to chemical fertilizers.
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