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ABSTRACT

In order to study the effect of various nitrogen rates and azotobacter
application on qualitativeyield and protein percentage of three forage canola
cultivars (RGS 003, Hyolla 401and Hyolla 330), an experiment was
conducted in Seed and Plant Improvement I nstitute Research Farm, Kargj
(35°48°N, 51°10’E and 1321m H) during crop season 2005. The factors were
arranged asfactorial split plot in arandomized complete block design with
three replications. Two levels of Aztobacter (application and non applica-
tion) and three nitrogen levels (0, 75,150 K g.ha?) were randomized to the
main plots and cultivars were located in sub-plots. Results showed that
Azotobacter application significantly affected on quantitative traits. High
nitrogen increased all quantities traits, protein percent and glucosinolate
ratein plant forage. There were differencesamong cultivarsfor dry and wet
forage weight, stem length and sub-branch number. According to this
research, 150 kg.ha! nitrogen produced the most forage yield. But in
regardsto reduction necessity of chemical fertilizer applicationin direction
of sustainable agriculture, of 75 kg.ha? nitrogen with Azotobacter applica-
tion was considered as the best treatment and RGS003 was introduced as
the best cultivars. © 2009 Trade Sciencelnc. - INDIA
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INTRODUCTION

Providing necessity animal protein, duetoitseffect
on growth, mental and physical hedth of society, isin-
terpreted asobvious criterions of growth and devel op-
ment of acountry. Regarding to theannua protein con-
sumption and capacity of production of country, isclear
that for control of export exorbitant sumsforeign ex-
changefor import of theseitems, it should be hopeful to
increaseinterna production. Whereas, country pastures
arein exposure of sever damage and erosion because

of irregular grazing of domesticsand variousdroughts,
suitableforage plants can be considered as one way
for nutrition of available domesticsand control of im-
port of forageto state and maintaining of pastures.

All of theresearchersthat worked on forage plants
intheworldincluding Goihl and, Mcelliney!®! Nelson
inAustralid®, Amin, et al. in Egypt*? have empha-
sized on canolafor forage production dueto its com-
patibility and favor plant. They suggested the produc-
tion of theforagefrom thecanolaand placingitinthe
cropping pattern and the crop rotation of theregion
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would beuseful.

Clay Poal, et al.,* found when Hel shtain 45-day
caveswerenourished with Canolafeed during 7 weeks
beforeweaning and 8 weeksafter weaning, their weight
increased to 900 grams. Banelos, et al.,[*8 with em-
phasis on enormous volume of producing branch and
leaf from forage canolaand high qudity of forage (low
fiber and much protein) asasuitableconstituent for for-
ageplantsindry areas.

Many researcheswere conducted inlran on canola
meal aschicken broiler nutrition (Jalali Haji Abadi, et
al., 2004) nutrition of shrimp and fish (Anami, 2001)
and nutrition of sheep (Shourang, 2004).

Daneshgar (2002), has stated that canolaplaysan
important rolein providing feed of domesticswith pro-
duction of enormousamount of foragespecidlyin short-
ageforagetime.

Gallic® showed that canolastraw especidly inva
rietieswhich havelow acid uresic and glucosinolate,
playseffectiverolefor nutrition of domesticanima.

Petkov and Lukaszewski?", explainthat thereis
significant and positive correlation between increasing
of weight of rabbit and canolawith soybean medl.

So, comparison between varietiesfor forage pro-
duction rateisvery important. One of the effective
inputson quantity and quality of forage plantsisnitro-
gen. Generally, nitrogenisvery important as afertil -
izer for forage plantsin order to achievethemaximum
forageyieldthat was suitablein point of quantitative
traits such as protein. Optimum determination of ni-
trogenisvery important for avoidancenitrate toxicity
(AghaAlikhani., 1993). Canola responses to 200
kg.ha® N anditsdry weight increaseswith high nitro-
gent?®, Bilsborrow, et al.[*¥ observed that high nitro-
gen gpplication sgnificantly increased plant height, sub-
branches number and plant dry weight. But using
chemical fertilizer especially nitrogen fertilizersin or-
der toincrease agricultura productsin unit areanot
only increase production costs but al so has harmful
effects on environmental ecol ogy. For example, the
irregular using of nitrogen fertilizers causes pollution
of flowing and ground watersand finally poisoning of
human, domestic and aquatic*®. So, in spite of these
destructive effectsand many other problems, itisnec-
essary to find alternative methods for production en-
hancement morethan before.
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Providing required condition and being necessary
the more use of natural process such ashbiological ni-
trogenfixationisoneof thesafe production approaches
and moreimportant than that isthe safety of an envi-
ronment; that istaken for granted in devel oped coun-
tries.

Oneof thebiological approachesfor increasing ag-
ricultural productionsispotential application of useful
soil living beingsthat areabletofix biological nitrogen
(NBF) or to produce motivated chemical for plant
growth. One of these beingsis soil living bacteriaof
azotobacter species. Right now some of the countries
usethesebacteriaasbiologicd fertilizer to produce many
kinds of cropssuch as ceredl, forage, vegetables, and
fruitg*d,

Ravikumar and Co-Work’s™® studied the effect of
Azobacter on the plant speciesin the coastal regions
and saw that theinoculation of Azotobacter caused to

increasethegrowth of theplant and quantity of thechlo-
rophyll intheleaf- Thereare many reportsabout both

azotobacter and nitrogen fertilizer on cropslikewhest.
For instanceAdrig*® reported that appropriate combi-
nation of animal fertilizer, azotobacter, and mineral ni-
trogen caused whest yield improvement, and decreased
nitrogen application to 50 percent. Kadar et al .M re-
ported that using of azotobacter could decrease utiliza-
tion of ureato 20 percent.

Accordingtothefindingsof Arshad Khalil, et a "2
canolaseed inoculation with plant growth promoting
bacteria, sgnificantly increased grainyield. Smilarjob
wasdone by Bertrand, et a.1. They reported aspecial
increaseintheweight of dry root of canola, about 11 to
52 percent by using Plant Growth Promoting
Rhizobacteria(PGPR). Deferitaz, et a. reported that
PGPR caused an increasein the plant height, number,
bud weight andyield of canolathat cultivated in pot.

At present, PGPR are applied to produce agricul -
turecrops, for instance, cered, forage plants, summer
cropsin somecountriesy.

Alongwiththisand dueto theimportanceof forage
rape cultivarsand therole of minera nitrogenonyield
increment, the current research in order to study the
quantitativeand quditativeof different rapeforagecul-
tivarsunder theinfluenceof different levelsof nitrogen
fertilizer with and without azotobacter have been de-
sgned.
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MATERIALAND METHODS

Toinvestigatethedifferent level s of nitrogen and
using of Azotobacter onyield, percent of protein and
olucos nolate content, of theforage cultivarsin Mahdaght
(Placed in Karg)) afield study was conducted in the
Research Fieldin Karg) Seed and Plant Improvement
Institute. The experiment was performed in complete
block designarrangement infactorid splitwithtreerep-
lications. Azotobacter in two levels (with and without
azotobacter), and threelevels of nitrogen (0, 75 and
150K g.ha of purenitrogen) wererandomizedin main
plot units. Sub-plotswerethevariouslevelsof cultivars
included Hoyolla401, Hyolla330 and RGS003.

Inthisexperiment each sub-plot had 6 rows, length
of each row was 3 meters, and the space between plots
wasconsidered 1 meter. |n theend of June, the opera-
tion of the preparation of theland wasdonewith disking
to break theclods, leveling theland by leveler and cre-
ating thestream and the mound by furrower. Weed was
controlled by herbicide(Triflorain) inthequantity of 2-
2.5liter.ha" pre-cultivation and blended with the soil .

The dry seeds were sown. Before seed sowing,
theweighted seedsin the separate vessel swereinocu-
lated with the Azotobacter in 20/June/2004 (1 kg per
hectare). The seeds of control treatmentswere sown

without any inoculation.
Differentlevesof nitrogenfertilizer intwotimes(cul-

tivation and bolting stages) and inequa amountswere
spread on soil by hand. Firstirrigation was performed
after cultivation asthat thefurrower becamefull of wa-
ter. All treetmentswereirrigated every 7 daysafter first
irrigation until harvest time. Biomassand dry matter of
each treatment was measured on plantsat 50% flow-
eringand 2.4 squaremetersof four middlerowsineach
plot after eliminating themargin effect (0.5 meter from
tip and end of each row). Before harvesting 10 plants
were sel ected randomly from each plot, and the num-
ber of sub-branches and the plants height were mea-
sured. The percentage of protein was determined for
each sample by Kejldahl method. The rate of
glucosinolate was also detected by estimating the
amount of glucosein the sampleby spectrophotometer
(Glucoseinthesamplesischangedtolaconicacid and
hydrogen peroxide by presence of peroxidesand then
4-amino-Anti peril and phenol ater the color of the
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solutionto red color. Theintensity of color was mea-
sured by spectrophotometer inthewavelength of 490-
550 that isspectrum of Glucose.

Varianceandysisfor dl thetraitswascal culated by
SAS software (SASInstitute Inc. 1997). Mean com-
parisonfor mainandinteraction effectswere performed
with Duncan’s multiple range test was applied to com-
parethemeansat P<0.05 (Steel and Torrie, 1980).

RESULT AND DISCUSSION

Inevauatingtheagriculturd designsinforageplant
themost current trait that istaken for granted through
examination factors, isforageyield. It should be no-
ticed that forage coming from canolacultivars, hasthis
capability to be consumed asfresh forage, silagefor-
ageor even hay, so areport cons dering theweight of
wet forageisa so matter of concern. Looking at vari-
anceanalysistable(TABLE 1), satistically, the effect
of azotobacter, nitrogen, and cultivar wassignificant on
biomass (p<0.01). Plantstreated with azotobacter pro-
duced morebiomasswith average production of 45124
kg.ha' than plantswithout azotobacter (TABLE 2).

TABLE 1: Analysisof varianceon traitsof canola cultivars
under different nitrogen ratesand azotobacter

Dry Plant Branch Protein

SOV df Biomass matter height number content Glucosinolate
Replication 2 * ns ns ns ns ns
azotobacter 1 *x ** *x ** ns ns
nittogen 2 *ox o *x - - -

A*N 2 ns ns ns ns ns ns

E(a) 8

Variety 2 *x ** *x ** ns ns

A*V 2 ns ns ns ns ns ns

N*V 4 *x * ns ns ns ns
A*N*V 4 ns ns ns ns ns ns

E(b) 24

cv 6.3 38 117 112 8.2 9.4

*And** Significant at 5% and 1% probability Levels respec-
tively and ns No significant

Thisdifferencewasresuited fromsuitableenvironmentd
condition, extension of root and better absorption of min-
eras. Inthiscase, Kennedy, et d*8, Ravikumar, et d'*
and Roddlas® reported thet theincrease of theagricultura
productsby theazotobacter gpplication. Edris™ reported
that usingacompound of Azotobacter, nitrogen and ma-
nurecaused anaccretioninyield.
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M ean comparison showed that application of 150
kg.ha® nitrogen produced the most biomassin plants
(TABLE 2). Findingsof Jankowski, et d .8 and Jang*@
also clarifiesthat anincreasein nitrogen enhancesthe
yield of foragerape cultivarssignificantly. RGS003 had
moreyield than other cultivars (TABLE 2). Thissub-
jectisrelaed to genetic potentia of mentioned variety.
SomeresearcherslikeMacGregor™. Morison, et .
also attributed the difference between thevarietiesto
thedifferenceof the genotypes.

TABLE 2: Meanscomparison for yied and quality in different
nitrogen rats, variety and useof azotobacter

. Dry Plant Protein .
Treatment I?égn;_sls matter  height EJ[?%%': content Gluco;molate
' ton.ha®  cm % °
Nitrogen
fertilizer
N1 39.9c 6.8¢c 61.3b 3.7c 15.9¢ 3.1b
N2 45.5b 8.1b 66.2a 4.7b 17.8b 3.0ab
N3 50.2a 9.2a 67.9a 5.4a 19.7a 3.7a
variety
V1 44.7b 7.8b 71.4a 5.5a 16.9a 3.4a
V2 40.5¢ 7.4b 69.0a 5.3a 17.2a 3.2a
V3 53.1a 9.0a 60.4b 3.9b 17.9a 2.9a
Azotobacter
Al 40.5b 7.2b 63.2b 3.5b 16.1a 3.1a
A2 45.1a 8.1a 69.2a 5.4a 17.3a 3.5a

M eans fallowed by the same letter in each column are not
significant (Duncan’s multiple rang test).

N1 =0, N2 =75 N3 = 150 kg.ha! nitrogen

(V1 =Hyola 401, V2=Hyola 330, V3=RGS 003)

A1l = Non application of azotobacter and A2 = azotobacter
application

Inthisexperiment theinteraction of nitrogen* vari-
ety wasonly significant (p<0.01) (TABLE 1). InStatis-
tical point, RGS003 variety produced thesameyield

with application of 150 and 75 kg.ha™ nitrogen.
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Figurel: Interaction between nitr ogen and var iety on biomass

Effect of Azotobacter, nitrogen and variety ondried
weight was also significant and according to thevari-
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anceandysistable(TABLE 1), theinteraction of nitro-
gen* variety wassgnificant. UsngAzotobacter caused
to produce 8.1 ton.ha? of dry forage that was more
than nonapplicationof it (TABLE 2).
Researcherslike Narulaand Kumart® JagiBoland,
etd., (2003) Ahmad, et al.[*4, Ravikumar, et a5 e
ported the positive effects of theinocul ation of Azoto-
bacter onthedry weight of the plant and it wasrel ated
to the stimulating growth hormones that azotobacter

produced.
Using of 150 kg.ha? nitrogen produced the highest

foragedry weight (9.2 ton.ha?) (TABLE 2). Qayyum
et al.* reported that an enhancement inthelevel of
nitrogenfertilizer upto 120kg.hatincreesed grainyidds,
but anincreasein higher level of 120 nitrogen hasan
oppositeeffect. Aufhamer, et ¥ and Budzynski(® also
reported that an increase of nitrogen to 330 kg.ha!
would increaseplant dry weight.

Theeffect of variety on dry matter isa so meaning-
ful and RGS003 wasin abetter state, by considering
other cultivars(TABLE 2).

TABLE 2, showstheinteraction between cultivar
and nitrogen. Asyou see RGS003, receiving 150 Kg
fertilizersper hectare(N3) hasthehighestyid d but yidd
of thiscultivar was 75 Kg (N2). Levd of fertilizearein
adatigtica category, therefore, consideringthedecrease
inthe consumption of chemical fertilizersinlinewith
sustainableagriculturetointroduceN,V, (RGS003with

75K g consumption per hectare) asalogical treatment.
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Figure2: Interaction between nitrogen and variety on dry
matter

Theheight of plant fromthegroundisaffected by ni-
trogenrates, us ng azotobacter, andvariety (TABLE 1).

Asby using azotobacter the height of plant is69.2
cm, and without that, 63.2 cm and thiswas meaningful
(TABLE 2). Thisisfor thefood that increasestheheight
of plant. Resultsof Kader et d.1 and Zahir et d.[? are
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similar with our results. Variancein variety mostly has
genetic aspect, and Hyolla401, had more height, but
was at the same category with Hyol1a330 (TABLE 2).
Variance of other rates of cultivar was declared by
PezeshkPur, et al .22, With anincreasein nitrogen con-
sumption, height of the plant wasincreased, because
internodesweremoregrown asnitrogenfertilizer caused
anincreasein plant’s length. A finding of Sidlauskus
and Gifeabout anincreaseinlength of slem by nitrogen
approvestheresults. In thisexperiment nitrogen, azo-
tobacter and variety on number of sub branchesinthe
bushesin surfacewas one percent meaningful, and so
none of the opposite effects on the number of sub
branchescametoaresult (TABLE 1). Using of Azoto-
bacter included more sub branchesthan not to useit,
Beriaand Azkon® also declared thereason of increase
in number of sub-branchesin varioustypesof plants
conveying growth hormones by azotobacter.

Number of sub-branchesinfertilizer’s level was 150
Kg nitrogen morethan other levels,

Bilsborrow, et al*¥ also found that anincreasein
nitrogen consumption, the number of sub-brancheswill
increase. Qayyam, et ™ found that nitrogenlevel in-
creases the number of sub-branchesto 120 Kg per
hectare. Hyolla401 variety had the highest number of
sub-branchesin bush, but wasin the same statistical
category with Hyolla330 (TABLE 2), May beitisorigi-
nated of genetics.

Among thetreatments, only the effect of nitrogen
on protein cameto meaningful (TABLE 1). Effect of
azotobacter and variety, on the percent of proteinwas
not statistically of ameaning. 150 Kg.ha?. Nitrogen
had an average of 19.7 percent protein morethan two
other levelsbetween variousranges (TABLE 2).

No distraction can be observed, but considering
the comparative average observed, but consideringthe
comparativeaverage chart, RGS003, has better vari-
ety thantheothersvarieties(TABLE 2). Resultsof Wang
et a® Pouzet et d® Sykreset al? pointsthat withan
increaseof nitrogen, protein content alsoincreases, and
approvesthefindingsof thisresearch. Zamber, et al .2U
reported anincrease of protein by azotobacter in zero
levelsto 100 Kg nitrogen fertilizer per hectare, how-
ever, Zaied, et a?® reported the effect of azotobacter
on the percent of proteinin wheat seed didn’t signifi-
cant effect.
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According to theresults, bacteria treatment effect
and variety ontheamount of glucosi nolatewasnot mean-
ingful, andit wasinfluenced by the nitrogen rate, more-
over noneof theinteraction wasmeaningful (TABLE
1). Anincreasein nitrogen to 150 Kg caused an in-
creaseintheamount of glucosinolate. (TABLE 2) ap-
provestheresultsof research by Baily?? Astraet al*®
Also approvestheaboveresults.

Augustinussen, et al (1993) declared theamounts
of glucosinolatewill not be affected by fertilizer treat-
ment, and theseamounts arelessthan thelimit.

CONCLUSION

Results showed that despitetheyield of foragein
150 K g nitrogen with use of azotobacter, withamove-
ment toward the sustainable agricultureand correct and
beneficid useof soil sourcesto cultivatecultivarin 75Kg
of nitrogen used of azotobacter. Also, regardingtothe
higher RGS003 wecan useit.

Generdly bacteriafor plant’s growth have some
benefitsin considerationwith chemicd fertilizers. A de-
creasein environmenta pollution, and considering less
expenses, thereavailability (need to makeand produce
them), power to produce and issue, these bacteria,
showsthereasonsthat biological fertilizersare more
productivethan chemica ones. Idrig® concluded that
compound of azotobacter and mineral Nitrogen saves
the consumption of Nitrogen for 50%.
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