Available online at www.scholarsresearchlibrary.com

a of ‘Z“()/
Scholars Research Scholars Research Library i =
S g
European Journal of Zoological Research, 2014, 3 (6p-70 ?,;v {?‘
http: //scholarsresearchlibrary.comyar chive.html v o
\ (http y ) g# ‘j‘ »\\
Library

ISSN: 2278-7356

The effect of plant population densities and cultiars on forage yield,
gualitative traits and growth indices in canola folage Brassica napusL.)

'Behnam Ahmadi,?Amir Hosein Shirani Rad and *Ali khorgami
'Department of Agronomy, Science and Research Branch, Islamic Azad University, Tehran, Iran

*Department of Agronomy, Oil seed Crops Institute, Karaj, Iran
3Faculty of Agronomy, Islamic Azad University, Khoramabad Branch, Iran

ABSTRACT

In order to investigate the effect of the amount plant density on yield, yield components and growth characteristics
of spring type of forage canola in summer cultivation, this experiment was conducted in Ghazvin(Esmail Abad) at
2011- 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 plant density :( 100, 125, 150, 175 and 200 plant per n¥). The
sub factor included two varieties of spring type of Canola including RGS003 and SARIGOL. The impact of plant
density (p<0.01) on final dry forage was significant. The highest dry forage yield was obtained from applying 100
plants per n* and RGS003 variety with the average of 7381(kg.h™). The highest forage protein (%) was obtained
from using 100(plant.m?) and RGSD03 variety with the average of 13.12(%) whereas the lowest forage protein (%)
was approached from200(plant.n?) and SARIGOL variety with average of 11.06(%). The highest forage fat(%) was
obtained from using 100(plant.m?) with average of 2.44(%). The RGS003 variety with average of 2.192(%)
compared to SARIGOL variety with the average of 1.580(%) produced more forage fat. The highest LAl was
obtained from using 200(plant.m?) with average of 18.04. Increasing or decreasing in plant density resulted to
decreasing in LAI. The effect of plant density and cultivars were significant on crop growth rate (CGR), relative
growth rate (RGR), net assimilation rate (NAR), specific leaf weight (SLA), leaf area ration (LAR) and leaf area
index (LAL).

Key words: Canola, Plant density (PD), forage fat, protein.

INTRODUCTION

Oilseed rape is cultivated and processed for méifigreint purposes. The importance of rape has ihcreased in
recent years and today it is one of the most ingmbroil seed crops in the world[3]. CanoBrdssica napus L.)
belonged tcCrucifer a family has received remarkable attentions foaderproduction potential as well as oil and
meal source, to the best of our knowledge, thezeare researches in literatures on forage candiamn, however,
in recent years, it has been central focused relseaea. Canola forage has been widely cultivatetiused since
600 years ago for feeding livestock, although itgew demand is exorbitant as summer forage [9]rdge Canola
forage yield in three harvesting dates ranged #4880 to 5690 (kg.l). Harvesting at September gave 5540 (Ry.h
forage yield, while at end of October, it was antednto 7900 (kg.h) [22].Canola is first choice to supplying
needed vegetable oil to country. According studianola planting is more considerable than othgrsmkds due to
its compatibility with most the country region ait@ higher qualitative oil. In this experiment dted effect of
planting density on growth traits of canola vagstiCanola contains 40-48% oil, 38-45% proteirhanmeal with
5% grain moisture. Linoleic to linolenic acids cath canola oil is known to be 2:1 which is norrf@al human diets
purposes. Canola meals contain 13% fiber. Muchr fidle@centration present in meal serves as a lighfiactor for
feeding livestock, because it loses potential lease energy in ration. Analysis of quantitativpeass of growth of
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whole plant can be effectively conducted using filmectional growth analysis techniques which usere@sgjon
procedure.

Yield is a complex trait resulting from the intetiao of morphological, physiological and environrterparameters
on the growth of plants. Identification of the aidbns of morphological and physiological traitéliencing the
yield of a plant in a certain environment is aneesisll tool for selecting and breeding of yield.[The growth of the
plants in certain environmental conditions can kEasured by classic growth analysis. One of the madls in

agriculture is determining best plant density telding desired yield. Desired density obtain whanapy have
maximum leaf area to up taking sunlight at the beigig of reproductive stage 18]. Goals such as awipg

absorbed sunlight by changing plant density and eleanging row spacing perused in agricultural slgohanting
[19]. Increasing light penetrating into lower padfscanopy by changing its structure is a manageémery with

cause to improving yield [28]. Heikkinen, and Auld991) recommended densities more than to plaftsan
canola [13].Considering canola density status haseat deal of importance to achieve high yield godntity

forage yield. The main objective for the preserseszch is to shed light on the best plant densigttnent and
subsequently to determine suitable cultivar fotieation.

Al-Barzinjy et al. (1999) investigated the effeafsdifferent plant densities ranging from 20 to J@ants.n¥ in
rapeseed [2]. They concluded that dry matter pantpdlecreased as plant density increased. Prestadies have
shown that plant density is an important factoeetihg rapeseed yield. Plant density in rapeseegtrge the
components of yield, and thus the yield of indiabplants. A uniform distribution of plants per tmirea is a
prerequisite for yield stability [6].In oilseed mprow spacing or plant density vary considerabbyldwide,
depending on the environment, production systemcattiiVar. The growth is analyzed by measuring factors,
namely leaf area and dry weight of the organs dhdrajuantities are calculated based on thesedeators. When
necessary, these quantities may be calculatedr ddhaevhole plants or for different parts of theapts like root,
crown and leaves (Karimi,2005)[14].Crop growth re@&R) is slow at early growth stages because ldr& pover
is incomplete and the plants absorb just a pathefsolar radiation. As the plants develop, theawgh rate is
quickly increased because of the expansion ofdesd and the penetration of less radiation thrqaight cover to
the soil surface. Maximum CGR (the steepest slogetal biomass variations graph) is realized withenplants are
tall and dense enough to be able to maximallyzatiéill environmental parameters (Radford, 1967).[25

Zajact al. (2005) found a positive relation between dry eragtield and growth indices like CGR and LAD [35].
Also, Mahdawvét al. (2006) and Katsueaal. (2007) reported that rice grain yield can be @ased by selection on
the basis of physiological growth indices like LADGR, relative growth rate (RGR) and net assingtatiate[15,
20].NAR is determined primarily by the ratio of ban gained through photosynthesis and carbon tosugh
respiration. LAR reflects the amount of leaf areglant develops per unit total plant mass and efioee, depends
on the proportionof biomass allocated to leaveatirad to total plant mass (leaf mass ratio, LMR{l &ow much
leaf area a plant develops per unit leaf biomgssacdffic leaf area, SLA), where LAR = LMR x SLA.(NARnd leaf
area ratio (LAR) are good measures of solar ramhatapture during growth with NAR and LAR for ardividual
plant and LAI for population helping to explain féifences in RGR.Sanches (1997) stated that inweistig of
forage fat and protein percent in eight canolaetas$ in Brazil showed that oil and protein percamt 41.3, 36.8,
24.7 and 20.9 respectively and varieties differesigrificantly in terms of forage fat and proteiergent yield.

The studies on lentil showed that such traits aogical yield, harvest index as well as leaf aretex (LAI) and
CGR can be used as indices for improving seed yieldntil [11].Siahpoosét al. (2003) indicated that out of the
studied physiological indices, net assimilatiorer@lAR) and leaf area duration (LAD) were effectineices in
increasing yield [32].In a three-year study ondied cultivars, Zajat al. (2005) found a positive relation between
dry matter yield and growth indices like CGR andD_f35]. Also, Mahdawt al. (2006) and Katsughal. (2007)
reported that rice grain yield can be increaseddlgction on the basis of physiological growth @edi like LAD,
CGR, relative growth rate (RGR) and net assimifatiate[15, 20].

MATERIALS AND METHODS

The experiment was carried out at Esmael Abad altpi@l research station (Lat49° 54 E, long 36° I}, Iran in
2011- 2012. In order to evaluate effect of différptant density applications on quantity and gydiitrage of two
spring canola cultivars in summer cultivation, agperiment was conducted in Ghazvin province in agroical
year of 2011-2012. Study area is located at 1288bove sea level with annual average rainfall 310432n),
annual average temperature 13.9(C), minimum andmuax absolute annual temperatures of 17.4 and GY.8(
respectively. Soil texture in study area is loard aift loamy with pH 7.9-8 and its electrical cowtiuity found to
be 1.1-1.29(ds.H) (table1). This experiment was arranged as sfiitin completely randomized block designs in
the 3 replication. Plant density was considerethasnain factor involving five levels of 100, 1250, 175 and 200
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(plant.m?). Two spring canola cultivars RGS003 and SARIGOtrevused in the present research. Seeds provided
from department of oil seed researches, reseanctercef seed and seedling breeding and preparatidtaraj
(RGSO003: German and spring type, SARIGOL: Iraniag spring type).

Tablel. Analysis results of soil experiment

Depth 0-30(cm)  30-60(cm)
EC(ds.m?) 1.1 1.29
PH 8 7.9
SAR 3.80 4.2
T.N.V% 7.5 7.8
0.C% 0.64 0.57
Total N % 0.09 0.06
Texture SiltLoam Loam

In this experiment was fertilized before sowingtbythe following fertilization rates: 60 kg N/ha asimonium
sulphate and 60 kg P205/ha as triple superphosphdtitional 60 kg N/ha was applied in the studyoimer to

analyze and calculate the growthindices, the phloése sampled four times; eachtime 0.5 m of each was

harvested.In laboratory, the organs of the plantsewdissected and then, their fresh weights werasored.
Afterwards, the leaf blade area of the samplesmeasured. Next, the samples were transferred bags to lose
their moisture. After one week, they were compietelen-dried at 105°C. Then, their dry weight wasasured by
a 0.001g digital scale. After collecting the datdeaf area and shoot dry and fresh weights, toe/tr indices were
calculated as follows (Sarmadnia and Koucheki, 1$89):

Leaf area index (LAI): To measure LAl, one’ was sampled fromeach plot. Then, the leaves ofplaats
wereparted and their area was measured by |leafetea

Leaf area

LAl =
Land area

Crop growth rate (CGR): It was calculated in teohg.m?.day* by the following equation (Rahnama, 2006) [27]:

V“Tz - V\?l

CGR=—2—1_
GA(T, -T,)

Net assimilation rate (NAR): It was calculated éms of g.nf leaf area.day by the following equation (Rahnama,
2006) [27]:

W, -W, ) InLA, -InLA,
Tz _Tl LAz _LAI

NAR =

Relative growth rate (RGR): It was calculated imte of g.g".day" by the following equation (Rahnama, 2006)
[27]:

WT: B WTl

RGR=—2 "1_
W,(T, - T,)

Leaf area ratio (LAR): It was calculated in ternicw?.g* by the following equation (Rahnama, 2006)[27]:

LA, LA,
W, W,

2

LAR =

Leaf weight ratio (LWR): This dimensionless indeasicalculated by the following equation:
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LW, LW,
W, W,

LWR =

Specific leaf area (SLA): It was calculated in teraf cnf.g™ by the following equation:
LA, . LA,
LW, LW,
2

SLA =

The symbols used in foregoing equations were éswel
W1: total biomass measured at the first sampling
W2: total biomass measured at the second sampling
T1: first sampling time

T2: second sampling time

LAL: leaf area measured at the first sampling

LA2: leaf area measured at the second sampling
LW1: leaf biomass measured at the first sampling
LW2: leaf biomass measured at the second sampling

Oil content was determined by extracting the othwdiethyl ether in a Soxleth extraction apparatuisije content
protein was determined using DUMAS, s procedure.

The data were subjected to analysis of variancagudie SAS software. When thetest indicated statistical
significance at thé®> = 0.050r 0.01 levels, Duncan’s multiple- range t@ats used to determine the significance
between means.

RESULTS AND DISCUSSION

Total dry weight in 25% flowering: Results from variance analysis indicate that eaitwas significant but plant
density and cultivar*plant density interactions eerot significant. Mean comparison of cultivar sledwthat
cultivar RGS003 showed highest dry weight with ager 6583.853(kg}) followed by SARIGOL with average
5135.667(kg.H). Plant density were classified in various statigtclasses so that the highest dry weight was
obtained by plant density (100 planfmon average 6626(kg-h and the least was attributed to 150(plaff).m
treatment with average 5295(kg)h Mean comparison of plant density*cultivar irtetion showed the highest dry
weight in cultivar RGS003 and 100(plan®hwith average 7381(kgH and least dry weight in cultivar SARIGOL
and 200(PLANT.NF) with average 4502(KG.H. (Tables 2, 3, 4).

Accumulation of dry matter in aboveground organd ransporting it to grain have been reported imesa@rops
such as rice , soybean, wheat and canola [16 Ak74. whole, firstly, accumulation of dry matterahove ground is
slow, but it increases rapidly with increase canapg subsequently slowing down as leaves senestglet grain

refilling. Dry matter at following is maximum ratehile flowering as well [33, 34].The highest tothly matter per
plant was produced from the lowest plant densihyshigh total dry matter production per plant banattributed to
the fact that the plants from low densities wer@anadgorous, thicker in stems with more branchespbant. This

can be a result of lesser interplant competitioom@grplants and a better radiation distribution tigto open canopy.
The negative effect of increasing plant populationtotal dry matter production is also reportedotiyer workers
[21, 23].

Forage fat (%): Results of variance analysis revealed that fateuerin forage was affected by plant density and
cultivar individually in probability levels of 1%na but it was not significantly for nitrogen*cultiv interaction
although. Analysis of mean comparison on cultiifea showed that SARIGOL had the less fat per¢&ri80 %)

in Comparison to RGS003 (2.192 %). Mean comparigonitrogen*cultivar interaction revealed the highdat
percent (2.76 %) in RGS003 when plant density (11@@t.m?) was applied. The lowest fat percent was achiéved
SARIGOL with plant density (200 plant:hwas applied with average1.08 (%) (Table 2, 3, 4).

Forage Protein (%):forages raw protein serves as one of the most itapocriteria widely used to evaluate forage
quality. Variance analysis showed that plant dgreid cultivar were significant at protein perceetén probability
levels of 1% and but it was not significantly fatragen*cultivar interaction although. Mean comgan on cultivar
effect showed that RGS003 had much protein (12%Péan SARIGOL (12.120 %). Different plant dendiyels
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were classified in various statistical classes. Tdwest protein was related to 200 (plant.m-2) ttremts with
average (11.41 %). Applying 100 and 125 plaift.mesulted in 12.95 and 12.85(%) proteins respelstiv
categorized into the same statistical class. Meanparison of nitrogen*cultivar interaction revealtte least
protein (11.06 %) in SARIGOL when 200(planBhtreatment was applied. The highest protein wasesed in
RGS003 once 100(plantfhwas applied with average 13.12(%), there areigwificant differences to SARIGOL

and RGS003 cultivars when 100 and 125(plaft.were applied respectively (Table 2, 3, 4).

Table2. Variance analysis of dry weight, Forage faand Forage protein

Final dry weight in

SOV df 25% flowering(kg.h") Forage fat (%) Forage protein (%)
Replication 2 5678380.306 0.005¢ 0.007¢
density(D) 4 1885783.84Y 1.532* 2.553*
error 8 1733749.254 0.021 0.054
Cultivars (V) 1 15729334.378 2.80%* 1.77%*

N* D 4 46676.555 0.0558¢ 0.033*
error 10 674284.619 0.021 0.059
Total 29

CV% 14.01 7.64 1.96

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

Table 3. Mean comparison of effects plant densityral cultivars

Plant density  25% flowering (kg.h™)

Final dry weight in

Forage fat (%)

Forage protein (%)

100 6622a 2.440a 12.95a
125 5822a 2.285a 12.85ab
150 5295a 1.930b 12.62b
175 6188a 1.555¢ 11.98c
200 5368a 1.220d 11.41d
RGS003 6583.853a 2.192a 12.606a
SARIGOL 5135.667b 1.580b 12.120b

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

Table4. Mean comparison of effect plant density *wtivar interaction

Final Dry weight in

Plant density Cultivar 25% flowering(kg.h™) Forage fat(%) Forage protein (%)
100 RGS003 7381a 2.76a 13.12a
100 SARIGOL 5872abcde 2.12bc 12.78abc
125 RGSO003 6499abc 2.62a 13.09ab
125 SARIGOL 5145cde 1.95¢ 12.62bcd
150 RGS003 5969abcde 2.28b 12.89ab
150 SARIGOL 4623de 1.58d 12.35cd
175 RGS003 6839ab 1.94c 12.16de
175 SARIGOL 5536bcde 1.17ef 11.79%
200 RGSO003 62333abcd 1.36de 11.77e
200 SARIGOL 4502e 1.08f 11.06f

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

Leaf Area Index in 25% flowering (LAI): Variance analysis Showed that simple effects (pkensity and
cultivar) and interaction effect of plant densityttivar were significant at probability level of 1M4ean comparison
of cultivar effect indicated highest leaf area ixde cultivar SARIGOL with average 10.887 followbg RGS003
with average 9.214. Different plant density lewskre categorized in statistical classes. The higkas$ area index
was observed during applying 200(plarif)mvith average 18.04. In contrast, the least vavas attributed to 100
(plant.m?) application treatments on average 6.812. Mearpamison of plant density*cultivar interaction indted
that different plant density*cultivar levels falito various statistical classes. The highest aeddhst LAl were
observed in SARIGOL and RGS003 (with averages 2@m$ 6.212 respectively),when 200 and 100(plaft.m
were applied respectively (Table 5, 6, 7).Yesaalgt(2008) pointed out that low leaf area indestart and end of
growth season is common, presumably attributesévds senescent and scattering, specifically tbtthenes
located at lower canopy layers [34]. Canola leassmwe as the main photosynthesis source from entengitil
middle of flowering period. Although they may naive direct contribution in development processy thewever,
are vital in developing sink capacity. Not only rimraxm leaf area, but also leaf area durability (istesicy) is
important to quantify leaf development [34].Saleletaal. (2002) showed that the highest plant density (X0
plants m-2) produced the highest LAI.LAI plays & kele in determining CGR, both because it actedlly and
substantially, and because of its indirect negatifect on NAR.LAR plays an important, albeit négat role both
directly and indirectly through NAR. The negativifeets on NAR both of LAl and LAR may be attributéol
reciprocal shading of the leaves when leaf are@rhes excessive, which means that the crop reqtheesight
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sowing density while in crop management it is neagsto control practices that lead both to a dtedied an excess
of leaf development. This explains the great irdeshown in LAl as regards its interception of tigimergy and
production of plant dry matter(Sarkar and pal, (9.

Leaf area ratio (LAR) at 25% flowering: Results of variance analysis showed that plansitdercultivar and plant
density * cultivar was significant influence on feaea ratio at probability level of 1%. Result¢abed by mean
comparison analysis in cultivars that genotype SB®L dedicated itself higher specific leaf area b§09 nf.g*
TDW followed by RGS003 with 0.007 ¢ngi* TDW).Different plant density levels were categedan the different
statistical class. The highest leaf area ratio alaserved during applying 100(planjmwith average 0.01(fg*
TDW). In contrast, the least value was attributed 25 (plant.iif) application treatments on average 0.0G7grh
TDW). Mean comparison of plant density*cultivardraction indicated that the highest leaf area 013 m.g*
TDW) were recorded in SARIGOL when 100(plarif)ymwere applied (Table 5, 6, 7).Observed that LARswa
highest during the early vegetative stage but lkdéereased rapidly with the advancement of plaet pgssibly due
to abscission of older leaves. Similar result vegsorted by Haque (1993) and Rahman (1993) [12].

Specific leaf area (SLA) at 25% flowering: Analysis of variance denoted significant effectsptant density,
cultivar and plant density*cultivar interaction specific leaf area on probability levels of 1%.Meamparison of
cultivar effect indicated that genotype RGS003 daigid itself higher specific leaf area by 0.018gth TDW
followed by SARIGOL with 0.018 (fag* TDW). Different plant density application level®re categorized in the
different statistical class and showing significatifference. Result of mean comparison on nitrogeattivar
interaction indicated that different plant dendiyels and cultivar were classified in the differstatistical class
and showing significantdifference.The highest siedeaf areas (0.025 it TDW) was recorded in RGS003,
when amounts of plant density 200(plarif)mvere applied (Table 5, 6, 7).The lowest spediiaf areas (0.015
m?.g* TDW) was recorded in RGS003 and RGS003, when ataafnplant density 175(plant.f) were applied
(Table 5, 6, 7).This central role of SLA in detening seedling potential RGR is thus general acés®pean
grasses, herbs and woody perennials (Cornebssen 1996)[5].This refers to the fact that amounteaif area per
unit total plant weight is more important (as rethto light attenuation) than allocation of biompses unit leaf area.
The increased LAR enhances the RGR and thus theetdive potential (Peltzer and Kochy, 2001)[24huf the
high RGR of grass in competition can be attributeMAR and LAR.

Table5. Variance analysis of SLA, LAR and LAl

SOV df LAI in25% LAR in 25% SLA in 25%
Flowering  flowering (m%.g®) flowering (m*g?)

Replication 2 0.036° 0.042¢ 0.007¢
Density(D) 4 124.077 13.686* 43.256*
error 8 0.032 0.015 0.015
Cultivars (V) 1 20.987* 40.833* 3.745*
N* D 4 31.670° 10.490* 52.987¢
error 10 0.572 0.022 0.01
Total 29
CV% 2.38 1.73 0.52

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

Table 6. Mean comparison of effects plant densityral cultivars on SLA, LAR and LAl

LAl'in 25% LAR in 25% SLA in 25%

Plant density  flowering  flowering (m*g?) flowering (m%g?%

100 6.812d 0.01la 0.020b

125 7.675¢c 0.007e 0.016d

150 8.904b 0.008c 0.016e

175 8.826b 0.007d 0.018c

200 18.04a 0.01b 0.022a
RGS003 9.214b 0.007b 0.019a
SARIGOL 10.887a 0.009a 0.018b

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

Leaf weight ratio (LWR) at 25% flowering: Variance analysis showed there are significanetéffice of plant
density, cultivar and plant density *cultivar irgetion in 1% level. Mean comparison cultivar indivally denoted
that cultivar SARIGOL had higher leaf weight rai{6.51 g.g'TDW) than RGS003 (0.38 g'gTDW). Mean
comparison plant density showed that 100(plaft.rhad higher leaf weight ratio (0.50 g.gTDW) than
100(plant.rif) (0.38 g.g" TDW).Mean comparison of nitrogen*cultivar interiact showed that the highest leaf
weight ratio was observed in SARIGOL and plant itgr{(800 plant.nf) (0.56 g.g- TDW) and least value (0.33g.9
! TDW) was attributed to cultivar RGS003 and plaensity (200 plant.f).Cultivars RGS003 and SARIGOL
showed the highest leaf weightratios (0.44 and @d6TDW) in 100 and 200 (plant.f) treatments respectively
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(Table 8, 9, 10).LAR is determined by both LAR &@ldA (Causton and Venus, 1981)[4]. This increaskAR is
largely determined by due to changes in LWR anemofiue to the changes in SLA.

Table7. Mean comparison of density * cultivars inteaction on SLA, LAR and LAl

i . LAI in25% LAR in 25% SLA in 25%

Plant density  Cultivar flowering  flowering (mg?) flowering (m.g?)
100 RGS003 6.211h 0.007f 0.017g
100 SARIGOL 7.412f 0.013a 0.023b
125 RGS003 8.447e 0.007f 0.019¢
125 SARIGOL 6.903g 0.006g 0.014j
150 RGS003 8.319¢ 0.007f 0.018f
150 SARIGOL 9.488d 0.008e 0.014i
175 RGS003 7.376f 0.005h 0.015h
175 SARIGOL 10.28¢c 0.009¢c 0.021c
200 RGS003 15.72b 0.008d 0.025a
200 SARIGOL 20.35a 0.011b 0.020d

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

Net assimilation rate (NAR) at 25% flowering: Results of variance analysis showed that plantigeraultivar
and plant density *cultivar interactions in prodapilevel of 1% were significant. Mean comparisof cultivar
revealed that cultivar RGS003 had higher net asaion rate (2.041 g.ddym?) than SARIGOL (1.70 g.ddym?).
Plant density levels were categorized in four défe statistical classes. Mean comparison of glensity revealed
that 125(plant.i) had higher net assimilation rate (2.376 gday’) but Mean comparison of plant density
revealed that 150(plantfh had lower net assimilation rate (1.492 g:ay’) Mean comparison of
nitrogen*cultivar interaction indicated that diféart plant density levels and cultivars fell intdfetient statistical
classes. Highest net assimilation rate (2.592 g.das) in genotype SARIGOL was recorded when 125(plaft.m
was added. The least value (1.271gan?) was recorded in SARIGOL, when 100 (plarif)mvas applied. The
highest net assimilation rates in genotypes SARIGEH RGS003 (2.592 and 2.462 g.day®) were obtained
when application of 125 and 100(planthrespectively (Tables 8, 9, 10). However, planbtpiynthesis, hence
NAR, is known to be greatly affected also by otfaetors such as radiation, temperature, nutricailavility.

Crop growth rate (CGR) at 25% flowering: Variance analysis indicated significant effect fdant density,
cultivar and plant density *cultivar interactions € GR at probability level of 1%. Mean comparisdnptant
density showed that the highest crop growth rafe6(® g.day.m?) was recorded in 200(plantinfollowed by
125(plant.nf) (15.63 g.day.m?).Mean comparison of cultivar showed that the hijlezop growth rate (17.613
g.day*.m?) was recorded in RGS003 followed by SARIGOL (15.t3dayl.m?). Different plant density levels fell
into different statistical classes. Results obtdifrem mean comparison on plant density *cultiveeraction that
genotype RGS003 exhibited the highest CGR (29.dyg.m?), when 200(plant.if) was applied.Also, the least
CGR value (7.506 g.ddym?) was obtained when SARIGOL with100(plantnwas added. Both genotypes
RGS003and SARIGOL showed the highest crop growth(@29.10 and 26.13 g.dayn?), when 200(plant.if) was
applied respectively (Tables 8, 9, 10). Some rebeas reported that crop growth rate is affectedplants
photosynthetic area directly (HabibZadeh et alg@®hilbes and Weber, 1995)[10, 31].

Relative growth rate (RGR) at 25% flowering: Variance analysis indicated that significant pldentsity, cultivar
and plant density *cultivar interactions on RGRpatbability level of 1%. Mean comparison of cultishowed that
the highest relative growth rate (0.014 g:day?) was recorded in RGS003 followed by SARIGOL (0.@18ay

! m?). Different plant density levels fell into diffatestatistical classes. The highest and leastivelgrowth rates
were obtained (0.015 and 0.011 g.day®) when 200 and 150(plantfh were applied respectively. Results
obtained from mean comparison on plant densitytivar interaction that genotype RGS003 exhibiteal highest
RGR (0.016 g.daym?), when 100(plant.if) was applied in both genotypes RGS003and SARIGKiwed the
lowest relative growth rate (0.011 g.day®), when 150(plant.ff) were applied respectively (Tables 8, 9, 10).RGR
is a complex parameter determined by a number ofsiplogical, morphological and biomass allocation
components. In addition, some researchers repthedcrop growth rate is affected by plants phattisgtic area
directly [10, 31].Increased plant density signifitg increased crop growth rate (CGR) during eatgge and
reduced the net assimilation rate (NAR) and CGRndulater part of crop growth. Higher CGR at vegjetastage
originates from which high leaf area index (LAl)dathat CGR at reproductive and ripening stage®sidrolled by
NAR. There was an increase relationship betweehdesa and NAR. The increase in CGR was ascribettigo
increased in NAR and leaf area. Plant growth amalyscomposes RGR into net assimilation rate (Nl of dry
matter production per unit leaf area) and leaf aatia (LAR, leaf area per unit total plant massiiere RGR=NAR

X LAR [4, 8]. NAR is determined primarily by thetia of carbon gained through photosynthesis antaratost
through respiration. LAR reflects the amount off laeea a plant develops per unit total plant mask therefore,
depends on the proportion of biomass allocateddwds relative to total plant mass (leaf mass,raMR) and how
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much leaf area a plant develops per unit leaf bes{apecific leaf area, SLA), where LAR = LMR x SLiost
work evaluating RGR variation among species has peavetd species from habitats differing in fertiliby

productivity. The ecological advantage of high RiSRery clear. Due to high RGR, a plant will rapgidhcrease in
size and is able to occupy a large space, bothwbald above ground. A high RGR may also facilitatpid

completion of life cycle of a plant.

Table8. Variance analysis of LWR,NAR, CGR, and RGR

SOV df LWR in 25% NAR in 25% CGRin 25% RGR in 25%
flowering (m*g?) flowering (g.day’.m? flowering (g.day>.m? Flowering (g.day*.m?)

Replication 2 0.009° 0.002¢ 0.229¢ 0.019¢
Density(D) 4 131.633* 0.760* 260.980* 17.122*

error 8 0.012 0.006 0.154 0.129
Cultivars (V) 1 1289.696* 0.874* 46.066* 8.112*

N* D 4 61.880* 0.612* 11.466* 3.229¢

error 10 0.01 0.003 0.463 0.046
Total 29

CV% 0.22 291 4.16 1.57

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

Table 9. Mean comparison of effects density and divars on NAR, CGR, LWR and RGR

LWR in 25% NAR in 25% CGR in 25% RGR in 25%
Plant density flowering (m%.g® Flowering(g.day.m® Flowering(g.day’.m?® Flowering(g.day’.m?

100 0.50a 1.886¢ 10.46e 0.015ab

125 0.42d 2.376a 15.63b 0.014b

150 0.48b 1.492d 13.17d 0.011c

175 0.38e 1.585d 14.99c 0.011c
200 0.44c 2.032b 27.61a 0.015a
RGS003 0.38b 2.041a 17.613a 0.014a
SARIGOL 0.51a 1.7b 15.135b 0.013b

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

Table10. Mean comparison of density * cultivars ireraction on NAR, CGR, LWR and RGR

Plant density Cultivar LWR in 25;%71 N_AR in 250/91 , C(_ER in 25%1 , R(_BR in 25‘%7)1 ,
flowering (m-.g") flowering (g.day™~.m") Flowering (g.day".m") Flowering (g.day".m")
100 RGS003 0.44e 2.462b 13.42ef 0.016a
100 SARIGOL 0.56b 1.271h 7.5069g 0.013d
125 RGS003 0.38h 2.161d 16.17cd 0.014c
125 SARIGOL 0.46d 2.592a 15.10d 0.014c
150 RGS003 0.41g 1.422¢g 12.49f 0.011f
150 SARIGOL 0.55c 1.562f 13.86e 0.011f
175 RGS003 0.34i 1.868e 16.89c 0.012e
175 SARIGOL 0.43f 1.302h 13.09ef 0.11f
200 RGS003 0.33] 2.292¢ 29.10a 0.015b
200 SARIGOL 0.56a 1.771e 26.13b 0.014c

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