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ABSTRACT

In order to investigate the effect of the amount of Nitrogen on growth characteristics of spring type of forage canola
in summer cultivation, an experiment was conducted in year 2012 in agricultural research center of Ghazvin. 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 (0, 75,150,225 and 300 kg\h). The sub factor included two varieties of
spring type of Canola including RGS003 and SARIGOL. The impact of Nitrogen (p<0/05) on final fresh forage was
significant. The highest fresh forage yield was obtained from applying 300 kg/ha Nitrogen and RGS003 variety
treatment with the average of 46382/42 kg/ha. The lowest fresh forage yield was approached from non application
of Nitrogen and SARIGOL variety treatment with the average of 9020/83 kg/ha.
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INTRODUCTION

Growth analysis serves as an approach by whichowsirplant responses to environmental factors tochlwhi
encounters under different phonologies may be pnééed and explained. To recognize and evaluatetrimdices
is becoming increasingly substantial while analgziactors affecting yield so that determinationdoy matter in
unit area while growing period, as product of plkgtidhetic accumulation, demonstrates crop yield ragrmthers
[6]. Russel et al. (1984) pointed out that growstterand wide variety of biological process are ciffé by
temperature to large extent [10]. Hence, to integtamperature with growth and developments, alloswsto
explain and justify for mentioned process (pathwamgach efficiently. It has been found that in sogesotypes of
B.napus andB.Juncea, grain yield, total dry matter and harvesting aeere improved as higher nitrogen rate was
applied[2, 4, 5, 9],since, generally, nitrogen dexades carbohydrate conversion rate into proteia main pathway
in cell protoplasm structure, in turn enlargesscsiich that its impacts are reflected morpho#dlyicon higher leaf
area index(LAI) and crop growth rate(CGR). As growsiegins, leaf area index gets improved until #ctes to
peak rate at flowering and pod setting, then itrel@ses in descend trend till zero rate. During thisp growth rate
(CGR) under goes ascending trend until maximum thé it decreases to under zero.

Some criteria such as leaf area durability aftewfiring and pod development, relative growth ra@&gR crop
growth rate (CGR),time to maximum leaf area indecumulating pattern of dry matter in plants orgad days to
crop ripening have been purposed to breed highymtoge( yield)genotypes under water stress conditiasari et
al., (2008) reported that applying combination ofNR K and S, led to total dry matter, maximum C@Rd
maximum leaf area index (LAI) up to 880 ¢/m3.9 g/m and 4.1 respectively[14]. Consequently, they mairut
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that nutrients deficiency and in appropriate mana# operations, restrict canola production intBnggrain yield

in canola is associated to some plant traits inoudyield components and growth parameters. To ieequ
knowledge on how biomass accumulation is affectgdyield components under wide variety of condition
especially nutrients supply, seems essential. @rireofactual methods to judge on desirable plgntsvth under
environmental conditions is dry matter accumulati®a the in going experiment was designed and imgiged to
determine effect of nitrogen on dry matter accurioa and developmentally important traits in twoncka
cultivars.

MATERIALS AND METHODS

In order to evaluate effect of different nitrogestilizer applications on yield and yield comporsenf two canola
cultivars in summer cultivation, an experiment veasiducted in Ghazvin province in agronomical yelaP@12.
Study area is located at 1285 m above sea levdl aitnual average rainfall 310-320 mm, annual awerag
temperature 13.9 C, minimum and maximum absoluteiaintemperatures of 17.4 and 37.8 C respectiil.
texture in study area is loam and silt loamy with .5-8.2 and its electrical conductivity foundlte 0.8-1.5dsm
!(table1). Growth analysis was under taken to momjtowth trend under different treatments.This expent was
arranged as split plot in completely randomizedcbldesigns in three replication. Nitrogen was coeid as the
main factor involving five levels of 0, 75, 150, 22and 300(kg/h) from 46% urea, and the secondactorfa
involving two spring canola cultivars RGS003 andRS&OL.

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

Total fresh weight at 25% floweringZariance analysis showed that just, nitrogen treatnon this trait was
significant at probability level of 5% and none @fltivar and nitrogen*cultivar interaction did naffect them
significantly. Mean comparison of effect simpletaudr indicated that the higher fresh weight wdatesl to cultivar
SARIGOL with average 4794.20(gfjnandfollowed by RGS003 with average 4544.25(9.nDifferent nitrogen
levels are included in various statistical classthet highest and least fresh weights were ateibub applying
300(kg/h) N with 8023.04(g/fh and 75 (kg/h) N with 2834.42(gfinrespectively, representing no statistical
difference to control treatment (2944.33 g/mAlso Mean comparison analysis on nitrogen* igalt interaction
showed that highest fresh weight is related t#tivew RGS003 and applying 300 kg/h N with aver@§85.74
(g/n?), indicating no significant difference to SARIGQreatment and applying 300 kg/h with average
7960.33(g/r).the least fresh weight in the 25% flowering, wesorded in cultivar RGS003 and application of 75
kg/h N on average 269.17 d¢inindicating no significant difference to no nigem application (control) and both
cultivars SARIGOLand RGSO003 treatments. The higtaal fresh weight in cultivar RGS003 was obsdrfrem
300 kg /h nitrogen application (8085.74 g/m2) andhe same time ,The highest total fresh weightuttivar
SARIGOL was attributed to 300 kg/h N with mean 7830g/nf)(Tables 2, 3, 4).

Total dry weight in 25% flowering: Results from ismce analysis indicate that none of N, cultivad an
cultivar*nitrogen interactions were not significahiean comparison of cultivar showed that culti®&RIGOL
showed highest dry weight with average 768.38{p/imllowed by RGS003 with average 745.20 g/m2.diifr
nitrogen applications were classified in varioustistical classes so that the highest dry weight wiatained by
applying 300 kg/h N on average 1135.79 g/m2 andldhst was attributed to non-nitrogen applicatioangrol)
treatment with average 529.29 (§JmMean comparison of nitrogen*cultivar interactishowed the highest dry
weight in cultivar RGS003 and 300 kg/h N with awgd 161.58 g/fmand least dry weight in cultivar RGS003 and
75 kg/h N with average 504.00 g/m2.RGS003 showedithest total dry weight through applying 300hkiy/ with
average 1161.58 gfand similarly, SARIGOL showed the highest tota} deeight through applying 300 kg/h N on
average 1110.00 g/n{Tables 2, 3, 4). Accumulation of dry matter irabground organs and transporting it to
grain have been reported in some crops such as, sogbean, wheat and canola [7, 8]. As a whatsily,
accumulation of dry matter in above ground is slbut, it increases rapidly with increase canopy smosequently
slowing down as leaves senescent while grain irgjil[12]. Dry matter at following is maximum ratehike
flowering as well[13, 14].
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Osunjeck and Renjel (2006) demonstrated genotypimtieas for canola cultivars in respect to nitrogese
efficiency. Efficient genotypes had higher biomgigdd and low nitrogen concentration within aboveund organs
than inefficient ones. Application of 300 kg/h oigen led to the highest dry matter accumulatioowsig clear
difference to low nitrogen application levels irriaular 0, 75 and 150 (kg/h) (Tables 2, 3, 4).

Table2. Variance analysis of forage dry and frestveight

sov df Forage dry weight Forage fresh weight
in25(%)flowering(g/m?  in 25(%) flowering(g/m?)

Replication 2 213165.077 11327120.344
Nitrogen(N) 4 382429.64% 28610823.202
error 8 125530.311 4765870.967
Cultivars (V) 1 4031.00¢ 4685690.964
N* vV 4 25721.429° 508205.187¢
error 10 10395.931 800179.019
Total 29
CV% 13.47 19.16

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

Table 3. Mean comparison of nitrogen and cultivar®n forage dry and fresh weight

Dry weight  Fresh weight

0 529.29 b 2944.33 b
75 542.79b 2834.40 b
150 711.21 ab 3917.54 b
225 864.88 ab 56.2717 ab
300 1135.79 a 8023.04 a
RGS003 745.2 b 4544.25 b

SARIGOL 768.38 a 4794.20 a
Means in each column having similar |etter (s), are not significantly at the 5% level.

Table 4. Mean comparison of nitrogen * cultivars iteraction on forage dry and fresh weight

Nitrogen Cultivar Dry weight Fresh weight
0 RGS003 553.08 c 3154.75 cd
0 SARIGOL 505.50 ¢ 2733.92 cd

75 RGS003 504.00 ¢ 2609.17d
75 SARIGOL 581.58 c 3058.92 cd
150 RGS003 597.08 ¢ 3367.00 cd
150 SARIGOL 825.33 b 4468.08 bc
225 RGS003 910.25b 5504.59 b
225 SARIGOL 819.50 b 5749.75 b
300 RGS003 1161.58 a 8085.74 a
300 SARIGOL 1110.00 a 7960.23 a
Meansin each column having similar |etter (s), are not significantly at the 5% level.

Leaf Area Index: (A) at buds emergenb@riance analysis Showed that simple effect obgién was significant at
probability level of 5% and none of treatments wtigar and nitrogen*cultivar interactions didnigsificant. Mean
comparison of cultivar effect indicated highestflasea index in cultivar RGS003 with average 4.46ofved by
SARIGOL with average 3.83. Different nitrogen apption levels were categorized in statistical @assThe
highest leaf area index was observed during appl2Rb kg/h N with average 5.43. In contrast, tlesteralue was
attributed to no nitrogen applicationtreatment (oolp on average 2.83. Mean comparison of nitrogettivar
interaction indicated that different nitrogen*cuéii levels fall into various statistical classeseThighest and the
least LAI were observed in SARIGOL (with averaggd&.and 2.45)when 225 and 150 kg/h N were applied
respectively.The highest LAl were observed in RGB80Ad SARIGOL(with average 5.07 and 5.78)when 226 k

N were applied respectively(Tables 5,6, 7). (B) 124l25% floweringVariance analysis showed that just effect of
nitrogen was significant at probability level of 5¥ean comparison of cultivar simple effect showieat cultivar
SARIGOL produced highest leaf area with averageé Sdlowed by RGS003 with average 4.77. Given that,
different nitrogen application levels were categed to various statically classes. so that thedsghnd least leaf
area index(with average 9.80 and 1.35) were acHiavieen 300 kg/h N and control treatments were agpli
respectively. Mean comparison of nitrogen*cultiuateraction showed different levels of nitrogen lgggtion and
cultivar levels statistically. The highest and tdasf areaindex (LAI) (with average 10.25 and }.2&re recorded

in cultivars SARIGOL and RGS003 when 300 kg/h N aadnitrogen were applied respectively.The higheat
area index (LAI) (with average 9.35 and 10.25) weierded in cultivars RGS003and SARIGOL when 300 N
was applied respectively(Tables 5, 6, 7).
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Yesari et al., (2008) pointed out that low leafaanedex at start and end of growth season is comprasumably
attributes to leaves senescent and scatteringjfisptig those old ones located at lower canopyelsy Canola
leaves serve as the main photosynthesis sourcednoenging until middle of flowering period. Altholughey may
not have direct contribution in development procéssy, however, are vital in developing sink cagyadNot only

maximum leaf area, but also leaf area durabilipnéistency) is important to quantify leaf developti®4].

Table5. Variance analysis of LAI

SOV df LAlin Bud emergence LAl in25% flowering
Replication 2 0.666™ 7.055™
Nitrogen(N) 4 6.270 63.759"
error 8 1.166 5.098
Cultivars (V) 1 0.800™ 3.902"

N* vV 4 1.293™ 0.206™
error 10 0.677 0.152
Total 29

CV% 20.61 7.58

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

Table 6. Mean comparison of nitrogen and cultivar®n LAI

LAl in Bud emergence LAl in25% flowering

0 2.83a 1.35 d
75 4.46 ab 3.11 cd
150 3.25bc 4.80 bc
225 543 a 6.61 b
300 3.99 abc 9.80 a
RGS003 416 a 477 b
SARIGOL 3.83b 5.50 a

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

Table7. Mean comparison of nitrogen * cultivars ineraction on LAI

Nitrogen Cultivar LAl in Bud emergence LAl in25% fl owering

0 RGS003 2.85cd 1.25h
0 SARIGOL 281cd 1.45h
75 RGS003 4.93 ab 2749
75 SARIGOL 3.93 ab 3.48f
150 RGS003 4.05 ab 420 e
150 SARIGOL 2.45d 5.39d
225 RGS003 5.07 ab 6.33¢c
225 SARIGOL 570 a 6.89¢c
300 RGS003 3.88 bed 9.35b
300 SARIGOL 4.11 bc 10.25a

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

Leaf area ratio (LAR) at 25% floweringesults of variance analysis showed that only géroimposed significant
influence on leaf area ratio at probability levdl % and there was no significant effect of cultsand
nitrogen*cultivar in this. Results obtained by meammparison analysis in cultivars indicated thathbgenotypes
had the same leaf area ratio with 0.0%gnotal dry weight. Different nitrogen applicatitevels were categorized
in the same statistical class, showing no significfference to each other. Mean comparison abgén*cultivar
interaction indicated that cultivar and variousragen application levels were fall into the sanstistical class,
showing no significant difference. The highest laaéa ratios (0.008 #y TDW) were recorded in RGS003 and
SARIGOL, when 300 kg/h N were applied (Tables 8.®.

Specific leaf area (SLA) at 25% flowering: AnalysiEvariance denoted significant effect of nitrogerd cultivar
on specific leaf area on probability levels of 1#d &%, however this was not significant for nitrotgultivar
interaction on this trait. Mean comparison of adti effect indicated that genotype SARIGOL dedidaiteself
higher specific leaf area by 0.02 m2/g TDW followkeg RGS003 with 0.01 (m2/g TDW). Different nitrogen
application levels were categorized in the samiistital class, showing no significant differen€esult of mean
comparison on nitrogen*cultivar interaction indiedtthat different nitrogen levels and cultivar wetassified in
the same statistical class showing no significdfedince.The highest specific leaf areas (0.018 @621 m2/g
TDW) were recorded in RGS003 and SARIGOL,when ant®ah300 kg/h N were applied(Table 8, 9, 10).

Leaf weight ratio (LWR) at 25% flowerind/ariance analysis showed there are no significdfgrdnce of nitrogen,
cultivar and nitrogen*cultivar interaction. Meanngparison cultivar and nitrogen effects individuadlgnoted that
cultivar RGS003 had higher leaf weight ratio(0.4g §DW) than SARIGOL(0.45 g/g TDW). Different niggen
levels fell into the same statistically class shwyvho significant difference to each other. Meamparison of
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nitrogen*cultivar interaction showed that the highdeaf weight ratio was observed in RGSO003 andtrobn
treatment (0.52 g/g TDW) and least value (0.39glNl) was attributed to cultivar SARIGOL and 150 kdig
Cultivar RGS003 and SARIGOL showed the highest lgafghtratios (0.52 and 0.51g/g TDW) in no nitrogen
application treatments respectively (Table 8, 9, 10

Table8. Variance analysis of LAR, SLA and LWR

sov Df LAR in 25% SLA in 25% LWR in 25%
flowering (m%g?) flowering (m%g?) flowering (m?.g?)

Replication 2 9.100 28.433* 0.008™
Nitrogen(N) 4 26.667 186.550 0.008™
error 8 1.642 21.475 0.012
Cultivars (V) 1 1.633™ 53.333 0.001*

N* V 4 0.967™ 6.750™ 0.002¢
error 10 0.600 8.607 0.004
Total 29

CV% 11.29 13.54 14.15

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

Table9. Mean comparison of simple effects nitrogeand cultivars on LAR, SLA and LWR

LAR SLA LWR

0 0.003a 0.006a 0.52a
75 0.006a 0.013a 0.45a
150 0.007a 0.017a 042a
225 0.008a 0.017a 0.46a
300 0.009a 0.019a 044a

RGS003 0.006 b 0.015b 0.47a
SARIGOL 0.007a 0.014a 045b
Meansin each column having similar |etter (s), are not significantly at the 5% level.

Table10. Mean comparison of nitrogen * cultivars iteraction on LAR, SLA and LWR

Nitrogen Cultivar LAR SLA LWR
0 RGS003 0.003a 0.006a 0.52a
0 SARIGOL 0.003a 0.006a 0.51ab
75 RGS003 0.005a 0.013a 0.45ab
75 SARIGOL 0.006a 0.013a 0.45ab
150 RGS003 0.007a 0.017a 0.45ab
150 SARIGOL 0.007a 0.017a 0.39b
225 RGS003 0.007a 0.015a 0.47ab
225 SARIGOL 0.008a 0.019a 0.45ab
300 RGS003 0.008a 0.018a 0.43ab
300 SARIGOL 0.008a 0.021a 0.45ab
Meansin each column having similar |etter (s), are not significantly at the 5% level.

Net assimilation rate (NAR) at 25% floweringResults of variance analysis showed that nitrogiecte in

probability level of 1 %, cultivar in probabilitgVel of 5% and nitrogen*cultivar interactions iropability level of
1% were significant. Mean comparison of cultivavealed that cultivar RGS003 had higher net assiioilarate
(2.75 g/day/m2) than SARIGOL (2.06 g/day/m2). Nieo levels were categorized in two different stiati
classes. No nitrogen application(control) and 3@0kigeatments were fell into the same statistidab with
averages 3.24 and 3.15 g/day/m2 respectively hatiaghighest net assimilation rate. Different rg&o levels
of75, 150 and 225 kg/h N also fell into one stat#dtclass with means 1,78,1.45 and 2.05 g/day/espactively.
Mean comparison of nitrogen*cultivar interactiordicated that different nitrogen levels and cultsvdell into

different statistical classes. Highest net assiiifarate (4.80 g/day/m2) in genotype RGS003 wasnded when
300 kg/h N was added. The least value (0.73 g/d@yimas recorded in RGS003, when 75 kg/h N was egplihe
highest net assimilation rates in genotypes RGZOMBSARIGOL (4.80 and 2.94 g/day/m2) were obtaiwbén
application of 300 kg/h and no nitrogen applicafioontrol) respectively (Tables 11, 12, 13).

Specific leaf weight at 25% flowerinifariance analysis indicated that only nitrogen sigsificantly in probability
level of 1%, but this was not true for cultivar anidrogen*cultivar interaction. Mean comparisonaafitivar and
nitrogen showed that RGS003 had higher specifit weght (93.59 g/m2LA) than SARIGOL (82.93 g/m2LA)
Different nitrogen levels fell into various statilyaclasses so that highest specific leaf weighs$ whtained from no
nitrogen application (control treatment187.83 glnA9. Others nitrogen levels were categorized in $hene class,
showing no significant difference. Mean serratidnnidrogen*cultivar interactions showed that boténgtypes
RGS003/ SARIGOLand controltreatments produced hlighpecific leaf weight about 203.25 and 172.412giA
respectively(Tables 11, 12, 13).
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Crop growth rate (CGR) at 25% floweringZariance analysis indicated significant nitrogerfeef and
nitrogen*cultivar interactions on CGR at probalilievel of 1% but it was not case for cultivar effeMean
comparison of cultivar and nitrogen showed that highest crop growth rate (10.05 g/day/m2) was nad@d in
RGSO003 followed by SARIGOL (8.48 g/day/m?2). Diffatenitrogen levels fell into different statisticelasses. The
highest and least crop growth rates were obtaiféd7{ and 3.70g/day/m2) when 300 kg/h and no remogere
applied respectively. Results obtained from meamparison on nitrogen*cultivar interaction that gbme
RGS003 exhibited the highest CGR (23.03 g/day/m&)en 300 kg/h N was applied.Also, the least CGRieval
(2.29 g/day/m2) was obtained when 75 kg/h N wasedd@oth genotypes RGS003and SARIGOL showed the
highest crop growth rate (23.03 and 13.85 g/day/m®en 300 and 225 kg/h N were applied respectiyBaples
11, 12, 13).Crop growth rate was increased witheiase nitrogen. In addition, some researchers texptiat crop
growth rate is affected by plants photosyntheteaatirectly[3, 11].

Tablell. Variance analysis of NAR, SLW and CGR

NAR in 25% flowering  SLW in 25% flowering CGR in 25% flowering

SOV

(g.day"\m?) (g/m?) (g.day"m?)
Replication 2 0.174™ 3995.312" 4.397™
Nitrogen(N) 4 3.6227 19297.864 173.478
error 8 0.404 3686.586 4.087
Cultivars (V) 1 3.254' 852.054™ 18.581™
N* V 4 5.424" 232.588" 75.690"
error 10 0.344 8.607 3.960
Total 29
CV% 24.58 354.049 21.48

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

Tablel2. Mean comparison of nitrogen and cultivar®n NAR, SLW and CGR

NAR SLW CGR

0 3.24a 187.83a 370 d
75 145b 8106 b 508 d
150 1.78b 5994 b 8.34 c
225 205b 6080 b 1165 Db
300 3.15a 5166 b 16.77a
RGS003 272a 9359a 10.05a
SARIGOL 2.06b 8293b 848 b

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

Table13. Mean comparison of nitrogen * cultivars iteraction on NAR, SLW and CGR

Nitrogen Cultivar NAR SLW CGR

0 RGS003 354 b 20325a 4.71ef
0 SARIGOL 294bc 17241a 270 f
75 RGSO003 0.7f 8233 b 229 f
75 SARIGOL 2.18cde 79.78 b  7.29 cde
150 RGS003 1.21def 60.18 b  5.79 def
150 SARIGOL 235 cd 59.70 b 10.89 bc
225 RGS003 296bc 6798 b 1385 Db
225 SARIGOL 1.13ef 5361 b 9.46 cd
300 RGS003 4.80 a 5421 b 23.03 a
300 SARIGOL 1.49def 49.11 b 10.52bc

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

It is impossible to grow plants with disregardihgit nutritional demands. In recent years, incréagmplication rate
of synthetic fertilizers has led to higher yielddgsroductivity in unit area. While abusing thessilieers has caused
enormous environmental concerns specially polluissnes. Due to increasingly rate of populationaghoin recent
decades, it is impossible to apply traditional agture without input considerateness. Howevertableé chemical
fertilizers application management as well as agonodating organic fertilizers in future plan, carphas to cope
with environmental pollution much more efficienfResultsobtained on the present research indicétad the
highest fresh forage yield was obtained when 225 kgtreatment was applied and adding up to 306 kbbwed
no significant difference on yield. Nitrogen affedtleaf area index (LAI) significantly so that ds fate was
increased up to 300 kg/h, LAl was enhanced accghgli\Iso it significantly influenced crop growtlate (CGR) so
that as nitrogen rate increases, higher CGR waairaat. Final forage yield was affected by singleogien and
nitrogen*cultivar significantly. Increased N rataproved fresh forage weight, however, adding 300 Rgdid not
make significant yield variation. At the same tirR&S003 showed higher yield than SARIGOL. The bésbgen
application rate to achieve maximum fresh foragaghtas 225 kg/h.
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