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ABSTRACT

In order to investigate the effect of vermicompost and biofertilizers on yield and yield components of common millet,
an experiment was carried out in split-factorial in randomized complete block design with four replications. The
main plots were two levels of vermicompost, and sub plots were a factorial combination of incubation with
mycorrhiza and Azotobacter. The results showed that incubation of G. intraradices significantly increased the 100-
grains weight and biological yield, while incubation of G. mosseae not increased these yield components in
comparison with control. 100-grains weight of plants that incubated with A. chroococcum significantly higher than
those not incubated with A. chroococcum. In addition, effect of mycorrhiza and Azotobacter in presence of
vermicompost was greater. In addition, biological yield was higher when mycorrhiza applied along with
Azotobacter and vermicompost. Grain yield of plants that incubated with A. chroococcum significantly higher than
those not incubated with A. chroococcum. Also, effect of Azotobacter in presence of vermicompost was greater. The
highest and the lowest harvest index were observed in control and vermicompost + Azotobacter treatments,
respectively. Colonization of G. intraradices and G. mosseae showed different response to presence of
vermicompost. G. intraradices showed higher colonization when applied along with vermicompost, while G.
mosseae was not influenced by vermicompost levels. Colonization of G. intraradices and G. mosseae were higher in
presence of Azotobacter.
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INTRODUCTION

Common millet Panicum miliaceum) was among the world’s most important and anailemhesticated crops. They
were staple foods in the semiarid regions of Ea$h And even in the entire Eurasian continent befoe popularity
of rice and wheat [16]. The millets are grown mgifdr feed grain in the western hemisphere butdlersps play
an important role in the economy of many develogiagntries as they can be used for food, fodded,ferewing
and for cottage [15]. Common millet has the loweater requirement among all grain crops; it is aselatively
short-season crop, and could grow well in poorss@l]. Recently, common millet is frequently cwdtied in warm
temperate and sub-tropical zones as a late-seshed;season summer catch crop with several catijz3].

Fertilization, particularly nitrogen fertilizerss iconsidered as one of the main sources of pallutmused by
agriculture. Nitrogen fertilizers cause nitratelptibn of surface and groundwater water and ultetyataused the
poisoning of humans, livestock and aquatic anim@so, increased the denitrification and led tater increase in
toxic gases (nitrogen oxides) synthesis and thewt#®n of the vital ozone layer. The emergencsuwh damaging
effects and many other issues, emphasized the sigcésr change the increasing production methodd e
necessity to provide conditions for effective u$@atural processes, such as biological nitrogeatitn [1].
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With increased public awareness of certain advef$ects of fertilizers, pesticides and other roeltynused
agrochemicals on both animals (including man) dmel ¢nvironment, the deliberate application of bieraf
microorganisms is becoming extremely attractive [Bhe chemical fertilization increases productivibut the
increasing cost of fertilizer, environmental hazartealth hazards and failure in sustaining yieldehgiven the way
for use of organic manures and biofertilizers iadt®f chemical fertilizers. Biofertilizers are pumis containing
living cells of different types of microorganismahich have an ability to convert nutritionally impant elements
from unavailable to available form through biolagiprocesses [6].

Mycorrhiza fungi which constitute a group of imgort soil micro-organisms are ubiquitous throughtet world
are known to improve the plant growth through baifgake of nutrients. They also improve the attioif N fixing
organisms in the root zone [4]. VAM Fungi can irage the drought resistance. Their extra-radicah&gpcan
influence rhizosphere architecture and improve wager dynamics [12]. The association between eguhes and
N2 fixing bacteria as shown by increased nitrogeradivity is now well established. Azotobacter &zbspirillum
have been widely tested to increase yields of t&fgh Kapulnik et al. [22] reported an increaserdéot and shoot
weight of Sorghum with Azospirillum treatment. $pind Kapulnik [19] reported that more dry mattesisw
produced with Azospirillum inoculation as compateatontrol.

Vermicomposts are products derived from the acatddrbiological degradation of organic wastes byhesrms
and microorganisms. Vermicomposts are finely digigeeat-like materials with high porosity, aeratidnainage,
water-holding capacity [5]. They have greatly iraged surface areas, providing more microsites ficromial
decomposing organisms, and strong adsorption amaetien of nutrients [23]. Albanell et al. [8] reped that
vermicomposts tended to have pH values near naytrahich may be due to the production of £&and organic
acids produced during microbial metabolism.

The present experiment was conducted to assesgthiicance of Mycorrhiza, Azotobacter, vermicorspand the
combination on the improvement of growth and y@l¢ommon millet.

MATERIALSAND METHODS
This experiment was performed in research fieltslafimic Azad University, Arak branch (34°3" N, 48°£&, 2192
m above sea level) in 2011. Monthly values of weatiements during the years 2011 are presentédtite 1. The
results of soil analysis are presented in TablBh2. results of vermicompost analysis for sampleslus this study
are listed in Table 3.

Table 1. Climatic characteristics of the region of experimental site during growing season.

Average maximum  Average minimum average annual average maximum average minimum

Month humidity (%) humidity (%) precipitation (mm) temperature®C) temperature®C) GDD
June 37.43 10.25 0 33.56 16.25 14.90
July 29.19 10.41 0.03 36.22 19.64 17.93

August 32.48 10.25 0 36 19.83 17.91

September 44.96 16.80 0 31.09 14.93 13.01

October 42.50 11 0 30 12.25 11.12

Table 2. Some of chemical and physical properties of experimental field soil.
s|si|c|Texure| Pae | Kae | nog | oc@)| pH |, EC | soil Depth
(mgrkg) | (mglkg) (dS/m)
48 | 26 | 26 SL 5.1 169 0.15 14 7.7 4.6 0-30
Table 3. Important characteristics of vermicompost used in the experiment.
P (%) | K(%) | Total N (%) | Fe (Mg/kg) | Cu (meg/lit) | Zn (Mg/kg) | Mn (ppm)
0.16 | 3.19 4.92 36-50 15.5 27-40 15-25

Experiment was split-factorial in randomized conlielock design with four replications. The maiotplwere two
levels of vermicompost (no vermicompost and vermmpost; 5 t/ha), and sub plots were a factorial doation of
incubation with mycorrhiza (inoculation and non<dntation of Glomus intraradices and G. mosseae) and
Azotobacter (inoculation and non-inoculationffchroococcum). Seeds of common millet (Bastan cultivar) were
sown in four rows of 4.5 m length, among which pdanere grown 60 cm apatrt.

In order to eliminate the marginal effect, one crow was left out from each side of the experimipiiats, and five
randomly plants were harvested from each plot. iGy&ld, 100-grains weight, harvest index and hiatal yield
were measured for each treatment.
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Root colonization measurements. To visualize the AMF colonization, fresh rootsreveleared by boiling 4 min in
10% KOH, rinsed three times with tap water andnstdi by boiling for 4 min in a 5% ink (Shaeffer;-jet
black)/household vinegar (=5% acetic acid) solufibh]. After staining, the percentage of root cdtaion was
determined according to the method of Newman [9].

RESULTSAND DISCUSSION

100-grains weight. 100-grains weight was significantly affected by mwirbiza and Azotobacter, with a significant
interaction between mycorrhiza and Azotobacter ermicompost. Incubation of. intraradices significantly
increased the 100-grains weight, while incubatidnGo mosseae did not increased the 100-grains weight in
comparison with control (Fig 1). 100-grains weightplants that incubated with. chroococcum was significantly
higher than those not incubated withchroococcum. In addition, effect of mycorrhiza and Azotobadtepresence
of vermicompost was greater (Fig 2). Prajapati.dtl&] carried out an experiment to study the giftopromotion of
rice (O. sativa) due to dual inoculation oRzotobacter chroococcum and Piriformospora indica along with
vermicompost. Dual inoculated plants in presenceesfmicompost gave better positive effects on hidth and
90th day, in comparison to single inoculatiomothroococcum, P. indica and vermicompost.
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Figure 1. Effect of vermicompost (V1 and V2 are no ver micompost and ver micompost, respectively) and mycorrhiza (M1, M2 and M3
areinoculation and non-inoculation of G. mosseae and Glomus intraradices, respectively) levels on 100- grains weight.
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Figure 2. Effect of vermicompost (V1 and V2 are no ver micompost and ver micompost, respectively) and mycorrhiza (M1, M2 and M3
areinoculation and non-inoculation of G. mosseae and Glomus intraradices, respectively) levels on biological yield.
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Figure 3. Effect of Azotobacter (A1 and A2 areinoculation and non-inoculation of A. chroococcum, respectively) and mycorrhiza (M1,
M2 and M3 areinoculation and non-inoculation of G. mosseae and Glomus intraradices, respectively) levels on biological yield.
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Figure 4. Effect of vermicompost (V1 and V2 are no ver micompost and ver micompost, respectively) and mycorrhiza (M1, M2 and M3
areinoculation and non-inoculation of G. mossae and Glomus intraradices, respectively) levelson grain yield.

Biological yield. Biological yield was significantly affected by mychiza, with a significant interaction between
mycorrhiza and Azotobacter or vermicompost. Incigpadf G. intraradices significantly increased the biological
yield, while incubation ofG. mosseae not increased the biological yield in comparisoithweontrol (Fig 2). In
addition, biological yield was higher when mycomdiapplied along with Azotobacter and vermicomgbgg 3).
Uma Mahesweri et al. [20] reported that among tle@timents tested, inoculation of Rhizobiamd vesicular
arbuscular mycorrhiza (VAM) along with vermicompgstlded better than uninoculated and controlledtiments.

Grain yield. Grain yield was significantly affected by Azotobawgt with a significant interaction between
Azotobacter and vermicompost. Grain yield of plathist incubated with\. chroococcum was significantly higher
than those not incubated wigh chroococcum. In addition, effect of Azotobacter in presencevefmicompost was
greater (Fig4). Chatterjee et al. [17] found thaiculation with Azophos, a commercial biofertiliz@reparation
containing the Azotobacter and phosphate-solubdizbacteria exerted more positive result over wutaied
treatments and benefits of biofertilizer applicatisere more in presence of vermicompost as comparé&dmyard
manure. Chamle and Mogle [7] concluded that thdiegon of bacterial inoculants along with vernmigpost were
more effective in increasing leaf area, total cbjfityll and yield of tomato.

Harvest index. Harvest index was significantly affected by Azototes and vermicompost interaction (Fig 5).
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Figure5. Effect of vermicompost (V1 and V2 are no ver micompost and ver micompost, respectively) and mycorrhiza (M1, M2 and M3
areinoculation and non-inoculation of G. mosseae and Glomus intraradices, respectively) levels on harvest index.
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Figure 6. Effect of vermicompost (V1 and V2 are no ver micompost and ver micompost, respectively) and mycorrhiza (M1, M2 and M3
areinoculation and non-inoculation of G. mosseae and Glomus intraradices, respectively) levels on colonization.

Colonization. Colonization was significantly affected by mycomdi and vermicompost, with a significant
interaction between mycorrhiza and vermicompostiween vermicompost and Azotobacter, and between
mycorrhiza and Azotobacter. Colonization@fintraradices andG. mosseae showed different response to presence
of vermicompost (Fig 6)G. intraradices showed higher colonization when applied along with veromgpost, while

G. mosseae was not influenced by vermicompost levels (Fig @dlonization ofG. intraradices and G. mosseae
were higher in presence of Azotobacter (Fig 8). ©hthe most important indicator of mycorrhiza sityi is the
level of roots colonization by these fungi, thaeafed by many factors, including physical and ctrtal properties

of the root system, the quantity and quality oftrexudates, and the use of phosphate fertilizes igh
concentrations of heavy metals [10, 14].
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Figure 7. Effect of vermicompost (V1 and V2 are no vermicompost and ver micompost, respectively) and Azotobacter (Al and A2 are
inoculation and non-inoculation of A. chroococcum, respectively) levels on colonization.
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Figure 8. Effect of Azotobacter (A1 and A2 areinoculation and non-inoculation of A. chroococcum, respectively) and mycorrhiza (M1,
M2 and M3 areinoculation and non-inoculation of G. mosseae and Glomus intraradices, respectively) levels on colonization.
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