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ABSTRACT

In order to investigate the effect of Nitrogen on quantitative and qualitative characteristics of spring type of forage
canola in summer cultivation, this experiment was conducted in Ghazvin at 2012. This experiment was done in split
plot form and with a randomized complete block design with three replications. The main factor included five levels
of Nitrogen (N) :( 0, 75, 150, 225 and 300 kg\h). The sub factor included two varieties of spring type of Canola
including RGS03 and SARIGOL. The impact of Nitrogen (p<0/05) on final fresh forage and final dry forage was
significant. The highest fresh forage yield was obtained from applying 300(kg/h) Nitrogen and RGS003 variety with
the average of 46382.42(kg/h). The highest forage Glucosinolate content was obtained from using 300(kg/h) and
SARIGOL variety with the average of 29.80(mg/g) where as the lowest forage Glucosinolate content was
approached from non using of Nitrogen fertilizer and RGS003 variety with average of 12.20(mg/g). The highest
protein percentage was obtained from using 300(kg/h) with average of 13.17(%). The RGS003 variety with average
of 12.76(%) compared to SARIGOL variety with the average of 12.30(%) produced more protein .The highest fat
percentage was obtained from using 150(kg/h) of Nitrogen with average of 2.56(%). Increasing or decreasing in
Nitrogen application resulted to decreasing in forage oil percentage.
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INTRODUCTION

Canola Brassica napus L.) belonged tcCrucifer a family has received remarkable attentions foaderproduction
potential as well as oil and meal source. To th& b& our knowledge, there are rare researchegeiratureson

forage canola in Iran, however, in recent yearfiait been central focused research area. Canalgeftras been
widely cultivated and used since 600 years agdefeding livestock (Fitzerald and Black, 1991), ailtbh its water
demand is exorbitant as summer forage [1]. Avefa@eola forage yield in three harvesting dates rdrigam 4350

to 5690 (kg/h). Harvesting at September gave 5&d(j forage yield, while at end of October, it vaasounted to
7900 (kg/h) (Morison, 1960)[5]. In case of applyita® much nitrogen fertilizer, it causes some lepibblems in

livestock. U.Biljelli et al. (2007) while studyingffect of two different harvesting dates in canataforage found
that the more close to ripening time, the morewdejght and the less total protein concentratior bél [6]. Thanks

to its cold hardness and higher tolerance duringesj canola can meets part of livestock forageatets during

fall and winter when there is forage limitation.dddition to forage production during cold seasdnsan provide

favorable forage in short term as the second mtafollowing rice and wheat harvested. Considergagiola

nutrients status has a great deal of importaneehieve high quality and quantity forage yield. Thain objective

for the present research is to shed light on ttst bigrogen application treatment and subsequéantigetermine

suitable cultivar for cultivation.
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Canola contains 40-48% oil, 38-45% protein in theahwith 5% grain moisture. Linoleic to linolenicids ratio in
canola ail is known to be 2:1 which is normal famian diets purposes. Canola meals contain 13%. fildech
fiber concentration present in meal serves as diignfactor for feeding livestock, because it Isgeotential to
release energy in ration.

Based on some estimation, sixty percent of araridd encounter to mineral nutrients limitation (Geaal., 2000).
Application of wide verities of chemical fertilizeplays vital role in modern agriculture and féétion is found to
be one of the main determinant criteria for sustli@ agriculture production[3]. Fertilization acabing for 30-

50% total crop yields. Minerals have substantidé rim plants resistance to cope with environmehbtatic and

abiotic stress (Marschener, 1995, Yangi and Sm@e@5)[4]. Sanches (1997) stated that investigabiboil and

protein percent in eight canola varieties in Brakibwed that oil and protein percent are 41.3,,3587 and 20.9
respectively and varieties difference significantiyterms of oil and protein percent. Adding niteagfertilizers,

improves grain yield and protein percent, howeweg much nitrogen levels may loses canola’s oilcest,

lowering oil percent, due to high nitrogen rate laggtion, oil yield is enhanced in unit area toregse total yield.
As results, it is worthy to note that lack of ngem (nitrogen deficiency) might impose adversectffn plant
quality (percent of protein) and crop yield.

MATERIALS AND METHODS

In order to evaluate effect of different nitrogesmtilizer applications on quantity and quality fgeaof two spring
canola cultivars in summer cultivation, an experim&as conducted in Ghazvin province in agronomyesr of
2012. Study area is located at 1285 m above se#h Wdth annual average rainfall 310-320(mm), anraarage
temperature 13.9(C), minimum and maximum absolateual temperatures of 17.4 and 37.8(C) respectigiyl
texture in study area is loam and silt loamy with p5-8.2 and its electrical conductivity foundie 0.8-1.5(ds/m)
(tablel). This experiment was arranged as split iplccompletely randomized block designs in thesflication.
Nitrogen was considered as the main factor invgjfime levels of 0, 75, 150, 225 and 300 (kg/h)nird6% urea.
Fertilizer was applied in three phenology stage4-8fleaves emergence, early sheath growing andibgiéind the
secondary factor involving two spring canola cwdtiv RGS003 and SARIGOL. Two spring canola cultivars
RGS003 and SARIGOL were used in the present rdse8meds provided from department of oil seed rebes,
research center of seed and seedling breeding espmhnation in Karaj (RGS003: German and spring ,type
SARIGOL: Iranian and spring type).

Tablel. Analysis results of soil experiment.

Depth 0-30 30-60
EC(ds/m) 1 1.39

PH 8 7.9
SAR 3.75 4
T.N.V% 7.5 7.8
0.C% 0.74 0.5
TotalN%  0.07 0.05
Texture Loam Loam

RESULTS AND DISCUSSION

Final yield (fresh forage): Variance analysis showed that nitrogen and nitrbgdtivar interaction are significant
on final fresh forage yield in probability leveld 8% and 5% respectively, however this was not doitivar
individually. Mean comparison of cultivar effectosted that RGS003 had the highest final fresh fosaglel (with
average 32520.27 kg/h) followed by SARIGOL (29830ky/h).given that, nitrogen levels fell into diféat
statistical classes. The highest yield (with averd§472.46 kg/ha) was obtained when 300 (kg/hpgén treatment
was applied, showing no significant difference teld/ (with average 42880.29kg/h), obtained by agdi5 (kg)
nitrogen in i.The lowest yield (13697.92 kg/h) was obtained whemitrogen application (control) was applied.
Mean comparison analysis on nitrogen*cultivar iatdion indicated the least final fresh forage yig€@20.83 kg/h)
in cultivar SARIGOL and control treatments. Accargly, RGS003 and 300 (kg/h) N showed the highest fresh
forage yield about 46382.42 (kg/h). RGS003 genatymevided the highest final fresh forage yield1@%.17 and
46382.42 kg/h) when 225 and 300 (kg/h) nitrogenewapplied, whereas, the highest final fresh forgigéd
(44562.50 kg/h) in SARIGOL once 300 (kg/h) nitrogeas considered showing no significance differetac225
(kg/h) nitrogen application which gave 40656.42/(frables 2, 3 4).

Final yield (dry forage): Variance analysis showed that nitrogen and nitrbgdtivar interaction are significant on
Final dry forage vyieldin probability levels of 1%md 5% respectively, however this was not case totivar
individually. Mean comparison analysis of cultiedfect showed that RGS003 had the highest finafalgge yield
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(with average 5423.23kg/h) followed by SARIGOL witherage 4747.27(kg/h). Given that, nitrogen lef@lsnto
different statistical classes. The highest yieltB06.59 and 6460.23 kg/ha) were obtained when 885380 (kg/h)
nitrogen treatments were applied. The lowest yi{@618.66 kg/h) was obtained when no nitrogen appba
(control) was applied. Mean comparison analysimirogen*cultivar interaction indicated, the highdimal dry
forage yield in cultivar RGS003 and with use 22%3(kgnitrogen. Accordingly, SARIGOL and no nitrogen
application (control) showed the least final dryaige yield about 1633.80(kg/h). RGS003 exhibitenvigied the
highest final dry forage yield with average 8132i8@h) when use 225(kg/h) nitrogen, showing no iicgmnt
difference to 300 (kg/h) nitrogen (69008.54 kg/lijeneas, the highest final dry forage yield (708RiBSARIGOL
once 225 (kg/h) nitrogen was considered showingsigaificance difference to 300 (kg/h) nitrogen agggion
which yielded 40656.42 (kg/h) (Tables 2, 3 4).

Table2. Variance analysis of dry weight and fresh wight

SOV df Final Dry weight Final Fresh weight
in25% flowering(kg/h) in25% flowering(kg/h)

Replication 2 47869861.108 1523956.694
Nitrogen(N) 4 1025691832.420 23173388.283
error 8 47995088.249 1328796.687
Cultivars (V) 1 53476095.408 3366266.81%
N* V 4 94551257.539 3672825.732
error 10 26527761.050 790934.315
Total 29
CV% 16.52 17.50

* ** and "™ significantat5%, 1% probability levels, and Non-significant.

Table 3. Mean comparison of effects nitrogen and ttivars on dry and fresh weight

Final Dry weight  Final Fresh weight

0 13697.92 ¢ 2618.66 ¢

75 27645.83 b 4472.66 b
150 26229.25 b 4268.11b
225 42880.29 a 7606.59 a
300 45472.46 a 6460.23 a
RGS003 32520.27 a 5423.23 a
SARIGOL 29850.03 b 4747.27b

Meansin each column having similar |etter (s), are not significantly at the 5% level.

Table4. Mean comparison of nitrogen * cultivars ineraction on dry and fresh weight

Nitrogen  Cultivar Dry weight Fresh weight

0 RGS003 18375.00 e 3603.53d
0 SARIGOL  9020.83 f 1633.80 e
75 RGS003 22406.25de  3456.20d
75 SARIGOL 32885.42bc  5489.11 bc
150 RGS003 30333.50 cd  5014.99 cd
150 SARIGOL  22125.00 de 3521.23d
225 RGS003 45104.17 a 8132.86 a
225 SARIGOL 40656.42ab  7080.32 ab
300 RGS003 46382.42 a 6908.54 ab
300 SARIGOL  44562.50 a 6011.91 bc

Meansin each column having similar |etter (s), are not significantly at the 5% level.

Glucosinolate content:Results of variance analysis revealed that Gluodestie content in forage was significantly,
nitrogen and nitrogen*cultivar interaction was sfigant in probability levels of 1% and 5% respgety. Analysis
of mean comparison on cultivar effect showed thaREOL had the highest forages Glucosinolate (227%8g
DW) followed by RGS003 (19.92 mg/g DW).Differentroigen levels were classified in various statistatasses.
The highest Glucosinolate content (28.95 mg/g DV&3 wbtained when 300 (kg/h) N was applied, whigeltlwvest
Glucosinolate content (13.50 mg/g DW) was relatednb nitrogen application (control treatment). Mean
comparison of nitrogen*cultivar interaction indiedt nitrogen and cultivars treatments into sepastagistical
classes so that SARIGOL showed the highest Gluotsim content (29.8 mg/g DW) when 300(kg) nitrogeas
applied. The least Glucosinolate content (12.20)n@g¥gs obtained in RGS003 once no nitrogen apptinati
(control) was used. Taken together, the highestd&aimolate content in RGS003 and SARIGOL were obthi
(28.10 and 29.8 mg/g DW), when 300 (kg/h) nitrogeme used (Table 5, 6, 7).

Fiber percentage: Results of variance analysis revealed that fibeformge was significantly by nitrogen and
cultivar individually in probability levels of 1%na but it was not true for nitrogen*cultivar intetmn though.
Analysis of mean comparison on cultivar effect sedwhat RGS003 had the much more forage fiber {35)Gnd
then SARIGOL (32.79%). Different nitrogen levelsreelassified in various statistical classes. Towelst forage
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fiber were related to control and 300 (kg/h)a mjro treatments (31.86 and 32.05% respectively)lewhe highest
fiber with average 38.04(%) was obtained when 15@/h) nitrogen was applied. mean comparison of
nitrogen*cultivar interaction revealed the leadtefi in SARIGOL when no nitrogen application and 3k§/h) N
were applied so that 30.97 and 30.98% fiber wetaiokd respectively. The highest forage fiber welsieved in
RGS003 once nitrogen150 (kg/h) was used with 3%6).7Under the same 150 (kg/h) nitrogen treatm@S003
and SARIGOL showed the highest fiber percent wlt93 and 36.12 respectively (Tables 5, 6, 7).

Protein percentage:Variance analysis indicated that nitrogen and waittindividually in probability levels of 1%
and but it was not significant for nitrogen*cultivimteraction although. Analysis of mean comparisoncultivar
effect showed that RGS003 had the much more prpticent with 12.76 and then SARIGOL (12.30%). @&t
nitrogen levels were classified in various stat@ticlasses. The lowest protein percent was relededontrol
(11.14%). Applying nitrogen 150, 225 and 300 (kg#sulted in 13.02, 13.11 and 13.15% protein, wihailtHell
into the same statistical class with no significdifference. Mean comparison of nitrogen*cultivateraction
revealed the least protein with average 11.05(%3ARIGOL when no nitrogen application was appligtie
highest proteinpercent wereachieved in RGS003 @&f% and 300(kg/h) nitrogen were used respectivath w
averages 13.42 and 13.43(%) (Tables5, 6, 7).

Table5. Variance analysis of Glucosinolate ContenEorage fiber and Forage protein

SOV df Glucosinolate content(mg/g) Forage fiber (%) Forage protein (%)
Replication 2 8.829™ 0.807™ 0.022"
Nitrogen(N) 4 248.163" 38.025" 4.544"
error 8 1.930 0.815 0.053
Cultivars (V) 1 60.461" 62.699 ** 1.5872"

N* V 4 1.497 1.187™ 0.040"
error 10 2.142 0.533 0.046
Total 29

CV% 6.86 2.14 171

* ** and " significantat5%, 1% probability levels, and Non-significant.

Table6. Mean comparison of nitrogen and cultivars o Glucosinolate Content, Forage fiber and Forage futein

Glucosinolate  Forage fiber  Forage protein

0 1350 e 31.86¢ 11.14c

75 17.45d 34.86 b 12.21b
150 20.05¢ 38.04 a 13.02a
225 26.75b 34.00 b 13.11a
300 28.95a 32.05¢ 13.17 a
RGS003 19.92b 35.61a 12.76 a
SARIGOL 22.76 a 32.72b 12.30b

Meansin each column having similar |etter (s), are not significantly at the 5% level.

Table7. Mean comparison of nitrogen x cultivars ineraction on Glucosinolate Content, Forage fiber anéforage protein

Nitrogen Cultivar Glucosinolate  Forage fiber  Forageprotein

0 RGS003 12.20 f 32.75¢ 11.23 f

0 SARIGOL 14.80 ef 30.97d 11.05f
75 RGS003 1530 e 36.48 b 12.46d
75 SARIGOL 19.60 cd 33.25¢ 11.96 e
150 RGS003 18.40d 39.97 a 13.27 ab
150 SARIGOL 21.70c 36.12b 12.78 cd
225 RGS003 25.60 b 35.73b 13.42 a
225 SARIGOL 27.90 ab 32.27 cd 12.81cd
300 RGS003 28.10 ab 33.12¢c 13.43 a
300 SARIGOL 29.80 a 30.98 d 12.91 bc

Meansin each column having similar |etter (s), are not significantly at the 5% level.

Fat percent: Results of variance analysis revealed that fateqerm forage was affected by nitrogen and cultivar
individually in probability levels of 1% and butwas not significantly for nitrogen*cultivar intergon although.
Analysis of mean comparison on cultivar effect sedwhat RGS003 had the less fat percent (1.71pmpgarison

to SARIGOL (2.05%). mean comparison of nitrogentiealr interaction revealed the highest fat per¢2r28%) in
RGS003 when 150(kg/h) nitrogen was applied. Theekiviat percent was achieved in SARIGOL once nmgén
(control) was applied with averagel.42(%). undergame 150 (kg/h) nitrogen treatment, RGS003 aridISAL
showed the highest fat percent 2.89 and 2.15% ctsply(Table 8, 9, 10).

Protein yield: Protein yield is calculated through multiplying &4ge yield by proteins percent, since forages raw
protein serves as one of the most important caitefdely used to evaluate forage quality. Variaacalysis showed
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that nitrogen, cultivar and nitrogen*cultivar irketion were significant at protein yield in prodapilevels of 1 and
5% respectivelyMean comparison on cultivar effect showed that RE&@SBad much protein yield (703.76kg/h)
than SARIGOL (593.89 kg/h). Different nitrogen lé&vavere classified in various statistical classEse lowest
protein yield was related to control treatment (89®g/h). Applying 225 and 300(kg) nitrogen ift, resulted in
999.8 and 851.1 (kg/h) protein yieldrespectivelgtegorized into the same statistical class. Meanpewsison of
nitrogen*cultivar interaction revealed the leastpio yield (180.5 kg/h) in SARIGOL when control @tenent was
applied. The highest protein yield was achievedR@®S003 once 225 (kg/h) nitrogen was applied witarage
1092.00(kg/h), there are no significant differente SARIGOL and RGS003 cultivars when 225 and 3(kN
were applied respectively. RGS003 showed the higtredein yield (1092.00 kg/h) when 225 (kg/h) agen was
applied. Under the 225 (kg/h) nitrogen treatme®RE50L showed the highest fat percent (907.5) shgwio
significant difference to when 300 (kg/h) which guced 776.5 (kg/h) (Table 8, 9, 10).

Fat yield: Analysis of variance clearly showed that fat yiglds affected by nitrogen and cultivar at probapilit
level of 1% but this was not case for nitrogen*salt interaction.Mean comparison analysis of cultivar effect
showed that RGS003 had higher fat yield (110.2R)kidyan SARIGOL (76.91 kg/h). Different nitrogevéds were
classified in different statistical classes sucat tthe highest fat yield (151.8 kg/h) was obtaiméten 225 kg/h
nitrogen was applied. Similarly, the least fat ¢i€89.02 kg/h) obtained when no nitrogen (contwed)s applied.
Mean comparison analysis conducted on nitrogent@ulinteraction showed that SARIGOL genotypes vegene
least fat yield with average 22.94(kg/h). The higghdeld was in RGS003 (175.4 kg/h) when 225 (kgitogen
was applied. Both RGS003 and SARIGOL showed thédsgfat yields (175.4 and 128.1 kg/h) when theesam
treatments of 225 (kg/h) nitrogen were applied eetipely (Table 8, 9, 10).

Table8. Variance analysis of Forage fat, Protein gid and Oil yield

SOV df Forage fat (%) Protein yield(kg/h)  Fat yieldkg/h)
Replication 2 0.004 ns 22012.698 ns 649.036 ns
Nitrogen(N) 4 1.079 ** 465717.639 ** 11074.760 **
error 8 0.025 21144.432 565.004
Cultivars (V) 1 0.850 ** 90544.420 * 8345.338 **
N* vV 4 0.060 ns 53027.694 * 645.807 *
error 10 0.035 12543.745 400.944
Total 29
CV% 9.90 17.26 21.40

*** and " significantat5%, 1% probability levels, and Non-significant.

Table9. Mean comparison of nitrogen and cultivars o Forage fat, Protein yield and fat yield

Forage fat Proteinyield Fatyield

0 1.48d 2925¢ 39.02¢c

75 176 ¢c 543.4 b 79.19b
150 256 a 557.3b 105.80 b
225 1.99b 999.8 a 151.80 a
300 1.62 cd 851.1a 104.90 b
RGS003 2.05a 703.8a 110.27 a

SARIGOL 1.71b 593.9b 76.91b

Means in each column having similar |etter (s), are not significantly at the 5% level.

Table10. Mean comparison of nitrogen x cultivars iteraction on Forage oil, Protein yield and Oil yiedl

Nitrogen Cultivar Forage fat Proteinyield Fat yield

0 RGS003 1.53 ef 404.6 d 55.1 ef
0 SARIGOL 142f 180.5e 22.9f
75 RGS003 1.92 bed 432.3d 66.4 e
75 SARIGOL 1.63 def 654.6 c 91.9 cde
150 RGS003 2.89a 664.3 c 132.8b
150 SARIGOL 2.23b 450.3d 789e
225 RGS003 2.15 bc 1092.0 a 1754 a
225 SARIGOL 1.82 cde 907.5 ab 128.1 bc
300 RGS003 1.76 def 925.6 ab 21.5 bed
300 SARIGOL 1.47 ef 776.5 bc 88.4 de

Means in each column having similar |etter (s), are not significantly at the 5% level.

It can be concluded that the highest dry and ffesdige yields were obtained when 225 (kg/h) wadieg@mand at
the same time, adding nitrogen up to 300 (kg/hen@o significant difference in yield. Adding nigen about 150
(kg/h) made no significant difference in proteirrqent. The highest fiber percentage in forage abthiwvhen 150
(kg/h) nitrogen was applied. The highest fat pereess achieved when 150 (kg/h) nitrogen was apgdiddwed

by 225 (kg/h) nitrogen. Applying 225 (kg/h) nitrageesulted in the highest fat yield and foragedvidiffected by
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increased nitrogen application to large extent,cGsinolate content increased substantially so thathighest
Glucosinolate content was recorded when 300 (kgithdgen treatment was applied. Cultivar RGS003 praved

superior to SARIGOL in terms of dry forage yieldesh forage yield, fiber percent, protein percéattpercent and
Glucosinolate content.

Effect of nitrogen and nitrogen*cultivar interaatiofound to be significant on final dry and freshrafge
yields.Increased level of nitrogen led to higher dnd fresh forage yields, while, adding nitrogenta 300 (kg/h)
made no significant difference on yield. Mean whiRGGS003 found to be superior to SARIGOL. Glucokite
content in forage was affected by nitrogen andivaldtas well as nitrogen*cultivar interaction. Gasinolate
content was improved under nitrogen applicationtlsat the highest Glucosinolate content was obseined
SARIGOL when, 300 (kg/h) nitrogen was applied. dlien and cultivar showed significant effect on ffipercent
individually. Adding nitrogen about 150 (kg/h), mased fiber percent remarkably, but adding it abthis
threshold resulted in low fiber percent. Comparisér8ARIGOL with RGS003 produced higher percenfiloér.
Forage protein percent was affected by nitrogen audtivar significantly. However, there was no sfgrant
difference in protein percent when 150,225 and 8afh) nitrogen were applied.RGS003 had superiotity
SARIGOL in protein percent. Fat yield was affectgdnitrogen and cultivar significantly. Adding ritzen up to
150 (kg/h), led to increased fat percent, RGS008 sugerior to SARIGOL in this respect. Results ioletd in the
present research showed that under Ghazvin pravitioaate condition, clearly demonstrated thaticaitRGS003
is superior than SARIGOL in respect to qualitatared quantitative traits. So it is recommended BRGS003 be
exploited in farming programs. The best and mosinising nitrogen rate to achieve maximum fresh dnydforage
yield, dry forage, fat and protein yield is 225 /g
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