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ABSTRACT

This experiment was carried out at Neka, Mazandatean in 2011. This experiment was done as spit ;
randomized complete blocks design based four mgphics. Planting systems were chosen as main plots
(Conventional, Improved and SRI or System of Ritenkification) and genotypes as sub plots (Tdtivars: Sang
Tarom and Hashemi Tarom; Semi dwarf cultivars: Nadd Shiroodi). The results showed that maximunictean
length, plant height and grain yield was obtaineditmproved system. Maximurfi #ter-nodes length,8and 4"
inter-node bending moment®&nd 4" inter-nodes lodging index and straw yield was preed by conventional
system, but breaking resistance by SRI had maxitolerance. Hashemi Tarom cultivar had maximum panic
length, plant height, 3 and 4" inter-nodes length and®inter-node bending moment. Maximuff iéter-node
length, & and 4" inter-nodes lodging index and straw yield was teteed for Sang Tarom and Hashemi Tarom
cultivars. But highest grain yield was noted forddeand Shiroodi cultivars. Maximum plant height atitinter-
nodes lodging index was found by interaction cotiveal system x Hashemi Tarom cultivar. So accogdia the
results improved system was the best one becausedase in lodging and increase in grain yield.

Keywords: Bending moment, Breaking resistance, Lodging xnéanting system, Rice.

INTRODUCTION

Customary and conventional rice cultivation is theéth many problems because the lack of propeetsidnding
of rice requirements. Inappropriate use of the wdégtilizers and chemical pesticides increasesipction costs,
reduced yield and destroyed resources and envinaniméhe long term. The System of Rice Intenstfma (SRI) is
a method of increasing the yield of rice produced decrease of water using in farming. It was dgwvedl in 1983
by the French Jesuit Father Henri de Laulanie id&gmscar. Assembly of the practices that culminate8RI
began in the 1960s based on Fr. de Laulanie's wtgmr of 'positive-deviant' farmer practices, Stay with
planting single seedlings instead of multiple siegdl in a clump, and not keeping irrigated padeydf flooded
during the rice plants' vegetative growth staganfthg with wider spacing in a square pattern,aathan randomly
or in rows, followed, as did controlling weed gromidy use of a soil-aerating push-weeder [1, 2].ifage of the
season and periodic irrigation caused to removénavful gases, increase of rhizosphere oxidativiviag
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stimulation of root growth and increase of fertilléer per hill. Alagesan and Budhar (2009) repdrtbat use of
weed rotary in SRI caused to increase in soil derobnditions, composition of soil with organic reat tiller
number and panicle number [3]. Grain yield decrdasih SRI in salinity soil compare to conventiorsgistem
because of periodic irrigation method [4]. Styg20d9) stated plants in SRI were ripped two weelmenpthan
control and the net investment return was 108 %emrtban conventional system [5]. Diseases damageaish
blight, leaf blight, cicala and brown grig) in SRias less than conventional system (63, 76.5, 48688 %
respectively). Net income and grain yield increase8angladesh (59 and 27 %), Cambodia (74 and }L%na
(64 and 29 %), India (67 and 32 %), Indonesia @08 78 %), Nepal (163 and 82 %) and Sri Lanka @i 49 %)
in SRI [6].

Plants grown in SRI method have more root actiuitflowering time and have more resistance to dhbuand
lodging [7]. Research showed grain yield was 2 torf less in aerobic system compare to floodirigation and
efficiency in water use was 64 to 88 % more in bigrgystem compare to flooding irrigation. Releasexygen is
less than 10000 times in water compare to air amchanent flooding cause to lack of oxygen in rhihese and
need more energy for formation of aeranchyma systemsequently it decreased grain yield. Uptake aif s
minerals decreased by permanent flooding and 78 B&eroots in flowering time are dead in floodingnditions
[8]. SRI system increased grain yield because dftizd effects, periodic irrigation management, w$e8 to 3.5
leaves seedling, use of one seedling per hill witie space, square planting pattern and fertiinatiith the use of
organic sources [1, 9]. The ability to provide irits and their absorption in the SRI system isama»ymmon
methods of planting. The use of compost and orgintitizers for gradual and steady share of natsgespecially
during the grain filling period associated with thereased volume of roots and soil to absorb matdents due to
periodic irrigation increased grain yield. The w§ecompost and periodic irrigation under SRI sysiapreased 3
tons per hectare yield compared to the conventisystem of planting and this was for increase @iiggdea number
per nf and filled spikelet per panicle [8]. Lodging is raceffective elements in grain yield [10]. Photdiic
capacity and dry matter production were decreagedhange of planting densities and normal canomditimn
[11]. Lodging prevents the transfer of water, famt assimilation (through phloem and xylem) andiced the
number of filled spikelet [12]. Increase of moigtun the lodging of a plant canopy provides fordgaihgrowth and
spread of diseases and makes disorder formatiorgeaia quality [13]. Grains may grow on panicleli@ down
plants, so it caused to decrease quality and dyaritgrain, therefore lodging caused to increasst of production
by disorder in harvesting time and increase ofrgidying [14]. Essential of agricultural sector agstainable
development of rice cultivation for yield increagiand optimal use of production inputs, protectehgironment
and production resources. Sustainable product dispen decrease of product cost and increase ofuptiod
efficiency. Comprehensive system and holistic iantihg method and rice field management are negessal
unavoidable for increase of yield and protect dsgreduct inputs.

MATERIALS AND METHODS

In order to evaluation of related to lodging morlaigical characteristics and grain yield in Iranidce genotypes
under modified agronomical systems, an experimesss warried out at Neka, Mazandaran, Iran in 201k T
experimental farm is geographically situated at, 85" N latitude and 13°, 53' E longitude at aitwde of 15 m
above mean sea level. The soil was analyzed ansbihef field was clay-loam (Table 1), weather ditions were
also measured in vegetation period (Table 2).

Table 1. Selected soil properties for composite safes at experimental site in 2011.

Soil texture K (ppm) P(ppm) N (%) OM (%) pH EC (phs/cm) Depth (cm)
Clay-loam 180 15.8 0.18 2.4 7.7 0.22 0-30

Table 2. Weather condition in experiment site in rie growth stages at Sari in 2011.

Variable Jan Feb Marct Aprii  May June  July  Augus
Minimum tem 28 4z 9.2 7.E 14 18 231 231
Maximum tem. 102 121 152 164 24 278 326 33.2
Evaporation (mm) 52 52 43 58.1 75.8 1351 128.2 152.6
Precipitation (mm) 65 136 38 1249 26.9 294 8.1 11.9

This experiment was conducted as split plot in camided complete blocks design based four replipati®lanting
system were chosen as main plots (Conventionalesysimproved system, and SRI or System of Rice
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Intensification) and genotypes as sub plots (Tallivars: Sang Tarom and Hashemi Tarom; Semi dwaltfvars:
Neda and Shiroodi).

Conventional system: conventional planting (rildastack), mature seedling (35 days after sowingyenthan three
seedlings per hill, random planting arrangementnaeent flooding and keep water in all vegetatieriqul in field,
without drainage, use of chemical fertilizers (2@0h* N, 100 kg A P and 100 kg hK) which P and K fertilizers
were applied before transplanting and 75 % N wasl iefore transplanting and the rest of that wasl 39 days
after transplanting as top dressing fertilizer. \A&eontrol had done 28 and 40 days after transptabt hand.

Improved system: planting (rill and stack), semitumne seedling (25 days after sowing), two seedlpeyshill with

20 x 20 crh planting arrangement, permanent flooding and keater in all vegetation period in field except one
time drainage in tillering time, use of chemicattifizers (200 kg H N, 100 kg i P and 100 kg h K) which P
fertilizer was applied before transplanting and?2M™ and 50 % K were used before transplanting &né2N and
50 % K were used 30 days after transplanting agltepsing fertilizers and the rest of N fertilizeas applied in
heading time. Weeds control had done one time Hyitide and three times (28, 40 and 50 days) &féesplanting
by hand.

System of Rice Intensification (SRI): young seegll{0 days after sowing), one seedling per hilhvili® x 30 crh
planting arrangement, two weeks use flooding syseen periodic irrigation system, use of 10 toh dompost
(cow and sheep manures) before transplanting arahen fertilizer application (46 kg'h was applied 50 % before
transplanting and the rest of that was in heading.tWeeds control had done by rotary weeder (wimtir times)
and be used within two to seven days. During tlwvgr time, following characteristics was measuraddomly
from each plot.

1.20 panicles from each plot were collected for eaking of morphological characteristic related tdding [15].
2.Inter-nodes lengths of 1, 2, 3 and 4 (cm) were omeakfrom top to bottom respectively.

3.Diameters of 8§ and 4" inter-nodes (mm) were measured by Caliper.

4.Bending moment of'8and 4 inter-nodes was calculated by below formula [15].

Bending moment of §inter-node (g cm) = length of the plant from tioevést node of & inter-node up to the
panicle x the wet weight of the same part.

Bending movement of'4inter-node (g cm) = length of the plant from toevést node of A inter-node up to the
panicle x the wet weight of the same part.

5.Breaking resistance was measured by prostrate {@Sie

6. Lodging index of % and 4" inter-nodes was calculated by below formula [15].

Lodging index of & inter-node = Bending moment df #nter-node
Breaking resistance of3nter-node

Lodging index of & inter-node = Bending moment of énter-node
Breaking resistance of'4nter-node

7. Grain yield was harvested from 4 m2 from the midafiéghe sub plots with 12 % humidity [16].

Data analyzed by SAS statistical software and Agesacomparison were calculated by Duncan’s multiptege
tests in a 5% probability level.

RESULTS AND DISCUSION

Lengths of T 2 3% and 4" inter-nodes

Results in table 4 showed that lengths Hfihd 2° inter-nodes were significant in 1% probability ééand 5 % in
lengths of & and 4" inter-nodes. Also genotype effect was signifigant% probability level on lengths of'12",

3% and 4" inter-nodes. Interaction of planting system x dgpe had significant effect on lengths &fand & inter-
nodes in 1 % probability level (Table 4). Maximuengths of 1 and & inter-nodes (43.25 and 17.06 cm) were
obtained for conventional system and 8t iater-node was seen for improved system (31.13amd)conventional
system (30.44 cm). But minimum lengths 8f 2" and & inter-nodes (39.31, 29.13 and 14.75 cm) were fdond
SRI. Maximum lengths of®iand 2° inter-nodes (51 and 26.5 cm) were observed farattion of conventional
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system x Tarom Hashemi cultivar. Minimum lengthldfinter-node was seen in interaction of improvedesysx
Neda cultivar (34.75 cm) and interaction of SRI edd cultivar (33.75 cm), but minimum length & iBter-node
was showed for SRI x Neda cultivar (19.25 cm) artdraction of conventional system x Neda cultivig.25 cm).
The results shown that characteristics are undectebf genotype (Tbale 8). Islaet al. (2007) reported the
maximum height difference was 30 % in 16 genotythas were from 100 cm till 136 cm. There was naeation
between plant height and grain yield. Plant heiggths of ' 2%, 39 4" inter-nodes, bending moments & &nd
4" inter-nodes had positive correlation [15].

Diameters of 3° and 4" inter-nodes

This character was significant under effect of plajsystem and genotype in 1 % probability letalt interaction
planting system x genotype was significant for détem of 4" inter-node in 1 % probability level (Table 4).
Minimum diameters of "8 and 4" inter-nodes (2.38 and 3.28 mm) were observed rigpraoved system and
maximum of those (2.73 and 3.89 mm) for SRI and donventional system (2.68 and 3.94 mm). Maximum
diameters of § and 4" inter-nodes (2.98 and 3.95 mm) were obtained Foro8di cultivar and minimum of those
(2.28 and 3.15 mm) were for Sang Tarom cultivarb{@). Utmost diameter™inter-node under interaction SRI
with Neda and Shiroodi cultivars was obtained (4ab8l 4.33 mm) and Shiroodi cultivar (4.33 mm) amadst of
that under interaction improved system and congeati system at Sang Tarom cultivar (3.05 or 3.03) rfirable

8). Morphological characteristics related to lodgimere different in rice genotypes [15]. Wet weightdiameters

of 3% and 4" inter-nodes are important to the lodging becatms® $odging were happened in lower inter-nodes [14,
17], so lower inter-nodes are important for bregkiesistance and lodging index [15].

Wet weights of 3* and 4" inter-nodes

Wet weight of ' inter-node was significant in 5 % probability Iéead in 1 % probability level was for wet weight
of 3% inter-node under planting system. Interaction fif@nsystem x genotype in 5 % probability level was
considerable for wet weight of“3nter-node (Table 4). Smallest wet weights Bfahd 4" inter-nodes (9.77 and
11.71 g) were shown for SRI and maximum wet weigift8® and 4" inter-nodes (2.68 and 14.81 g) were for
conventional system. Maximum wet weights &f&nhd 4" inter-nodes (13.50 and 16.29 g) were demonstrated
Tarom Hashemi cultivar and minimum of those (8.W8 &1.01 g) were for Neda cultivar (Table 5). Manimwet
weight of 3° inter-node (14.5 g) was observed under interactamventional system x Tarom Hashemi cultivar and
minimum of that was for interaction SRI x Shiroailtivar (Table 8). Diameters and wet weights Bfahd 4'
inter-nodes are important for rice lodging becastgen lodging were happened in lower inter-nodes 114, so
lower inter-nodes are important for breaking resise and lodging index [15].

Inter-nodes number

Inter-nodes number showed significant differenceli® probability level under genotype effect (Talle
Maximum inter-nodes were obtained for Sang taromi2$tand Tarom Hashemi (4.83), minimum of that wiere
Neda (4.13) and Shiroodi (4.18) (Table 5). Isaktral. (2007) found that there is a significant differeraanong rice
difference genotypes and inter-nodes number haawrsipositive correlation between morphological eleggristics
related to the lodging and breaking resistancevytears [15].

Length and angle of flag leaf

Flag leaf length demonstrated significant differemt 1 % in probability and 5 % in probability lévier flag leaf
angle under planting system (Table 4). Maximum fegf length (31.75 cm) and flag leaf angle (85)8@&re seen
under improved system, minimum flag leaf length.§27cm) and flag leaf angle (76.69°) were obtaifed
conventional system and SRI respectively (Table 5).

Length and weight of panicle

Panicle length showed significant difference in Srfprobability and 1 % in probability level for piale weight
under planting system (Table 4). Maximum panictegta (27.38 cm) and panicle weight (4.23 g) wemnsender
improved system, minimum panicle length (25.31 em)l panicle weight (3.75 g) were obtained for comemal

system (Table 5). Longest panicle length (29.50 wand found for Tarom Hashemi and shortest of tAat58 cm)
was for Neda cultivar. Maximum panicle weight (5¢)7was for Shiroodi cultivar and minimum of th&232 g)
was for Tarom Hashemi cultivar (Table 5). Yadlial., (2011) stated that maximum panicle length has $menall

plant and minimum of that was for Short plant [18].
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Plant height and stem length

Plant height showed significant difference undefedf of planting system and interaction plantingteyn x
modified system in 1 and 5 % probability level restively. Plant height and stem length both hachi@ant
difference under effect of genotype in 1 % proligbievel (Table 4). Highest plant height (123.6)onvas observed
in improved system because of panicle length, sieotest of that (117.7 cm) was for SRI. Stem ler&gng Tarom
(107.3 cm) and Tarom Hashemi (112.5 cm) were bitfygan Neda cultivar (77.85 cm) and Shiroodi (81.ch@rom
Hashemi (141.2 cm) was highest rice among of athiivars because of genetically, increase lengfts!, 2%, 3¢
and 4" inter-nodes, increase stem length and panicle na@ninum of that (106 cm) was for Neda cultivar bese
of genetically, decrease lengths of 2" 3% and 4 inter-nodes, decrease stem length and panicleld b
Maximum plant height (149 cm) was obtained for iattion conventional system x Tarom Hashemi cultasd
minimum of that (102.5 cm) was for interaction SRNeda cultivar (Table 8). Islaet al.,(2007) reported there is
no relation between plant height and grain yieltthere are positive correlation between inter-isoaled bending
moment [15]. Yadgt al.,(2001) stated that maximum breaking resistancengindnum lodging index was for short
plant (Langroodi cultivar) which had shorter intevde, plant height and decrease of inter-nodes euri3].
Increase of stem length and leaf area index inidytice might involve increasing bending moment dodging
index [19].

Bending moment of 3 and 4" inter-nodes

Bending moment of 3and 4" inter-nodes was significant in 1 % probability éewunder effect of planting system
and genotype. Bending moment df Bhter-node showed significant in 5 % probabiligvél under interaction
planting system x genotype (Table 6). Maximum begdhoment of ¥ and 4" inter-nodes (2008 and 2758 g cm)
depicted for conventional system because of iner&asgths of ¥, 2'* and & inter-nodes, also increase of diameter
and wet weight 8 and 4" inter-nodes, minimum bending moment of &d 4" inter-nodes was (1702 and 2369 g
cm) for SRI. Maximum bending moment df gter-node (2074 g cm) had seen in Tarom Hasheitivar because
of increase lengths of1 2" 39 and 4" inter-nodes, wet weight of®3and 4" inter-nodes, length of stem and
panicle, therefore Neda cultivar (1631 g cm) showsdimum on bending moment of*3nter-node. For @ inter-
node Sang Tarom and Tarom Hashemi (3002 and 3t&% gemonstrated maximum bending moment, hence Neda
and Shiroodi cultivar (1985 and 2068 g cm) wereeobed as minimum bending moment (Table 7). Accaydm
table 8 minimum bending moment df tter-node (1559 g cm) was found for interactid®l 8 Neda cultivar and
maximum of that (2301 g cm) was for interaction\emtional system x Tarom hashemi cultivar.

Breaking resistance of ' and 4" inter-nodes

As we can see in table 6, breaking resistance™ofrd 4' inter-nodes are significant under simple effedts o
planting system and genotype in 1 % probabilityelebut breaking resistance of' 4nter-node had significant
difference under interaction planting system x dgp® in 1 % probability level (Table 6). Maximumelaking
resistance of 3and 4" inter-nodes (10.32 and 16.43 g st§rwas related to SRI and minimum breaking resistanc
of 3¢ inter-node (8.56 g stel) was for improved system and fof" 4nter-node (14.68 g steth was for
conventional system. Minimum breaking resistanc&dfinter-node (7.38 and 7.68 g st&mand 4" inter-node
(14.23 and 14.32 g steéfhwere observed for Sang Tarom and Tarom Hashegiimum of them (11.18 and 16.75
g stent) was for Shiroodi cultivar (Table 7). Maximum bkésy resistance of inter-node (17.58 g stethwas
under interaction SRI x Shiroodi cultivar and minim of that (13.38 g stef) was for interaction conventional
system x Sang Tarom cultivar (Table 8). Yatal., (2011) found that maximum breaking resistanceramimum
lodging index was for short plant (Langroodi cudtiy which had shorter inter-node, plant height dadrease of
inter-nodes number [18]. Increase of stem lengthleaf area index in hybrid rice might involve iaasing bending
moment and lodging index [19]. Breaking resistaaned lodging index decreased by reduce of seedlingoer per
hill [20]. Diameters and wet weights of &nd 4" inter-nodes are important for rice lodging becastsen lodging
were happened in lower inter-nodes [14, 17], sceloter-nodes are important for breaking resistaamed lodging
index [15]. In SRI, plants have more activity iroton flowering time, so they have more resistatcdrought and
lodging [7].

Lodging index of 3% and 4" inter-nodes

Statistically, lodging index of'3and 4" inter-nodes was significant under effect plantiygtem and genotype in 1
% probability level. Also lodging index of®%and 4" inter-nodes have showed significant under intésaqlanting
system x genotype in 1 and 5 % probability levepestively (Table 6). Maximum lodging index of and 4"
inter-nodes (252.8 and 193.1) were observed foveational system and minimum of those (172.6 arl3)4dwere
for SRI. Improve of morphological characteristietated to lodging and decrease bending moment®aér@l &'
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inter-nodes and also increase breaking resistah8® and 4" inter-nodes caused to reduce lodging index in SRI.
Maximum lodging index of "8 and 4" inter-nodes was obtained for Sang Tarom (274 at®i3} and Tarom
Hasehmi (279.3 and 219.7), minimum of those wagmesl for Neda cultivar (159 and 123.1) and Shircottivar
(156.8 and 126.9) (Table 7). Highest lodging indéx3® and 4" inter-nodes (335.3 and 251.5) was noted under
interaction conventional system x Tarom Hashemiivar, the lowest lodging index of%inter-node (131) was
seen under interaction SRI x Shiroodi cultivar doad4" inter-node (107.3) was under interaction SRI x &ed
cultivar (Table 8). Yadet al.,(2011) found that maximum breaking resistance aminmum lodging index was for
short plant (Langroodi cultivar) which had shoiitger-node, plant height and decrease of inter-aguaenber [18].
Increase of stem length and leaf area index iniddiylice might involve increasing bending moment dmdging
index [19]. Breaking resistance and lodging indekrdased by reduce of seedling number per hill. R@meters
and wet weights of 3and 4" inter-nodes are important for rice lodging becasteen lodging were happened in
lower inter-nodes [14, 17], so lower inter-nodee Bmportant for breaking resistance and lodgingeinfll5]. In
SR, plants have more activity in root in floweritigie, so they have more resistance to droughtadging [7].

Straw yield

Straw yield was significant under effect plantingtem in 5 % probability level and under effect gfgpe 1 %
probability level (Table 6). Maximum straw yield2@0 kg h') was obtained for conventional system and minimum
of that (6529 kg 1) was for improved system. Straw yield increaseddryventional system because of increase in
tillers, lengths of , 2", 3% and 4" inter-nodes and wet weight of*2and 4" inter-nodes. Maximum straw yield
(7479 kg W) was recorded for Sang Tarom cultivar becauseeofgptall plant, increase length of inter-node and
plant height, minimum of that (6077 kg)hwas for Shiroodi cultivar (Table 7).

Grain yield

According to table 6, grain yield showed signifitdifference by planting system in 5 % in probapilevel and by
genotype in 1 % probability level (Table 6). Maximgrain yield (4115 kgl was noted for improved system and
minimum of that (3756 kg was for SRI system. Maximum grain yield was fodadTarom Hashemi and Sang
Tarom (3371 and 3449 kg'hcultivars and minimum of that was obtained foir@odi cultivar (6397 and 6077 kg
h™). Neda and Shiroodi cultivars had more yield beeanf being short plant, less distance betweenasioksource
and more dry matter transfer to grain consequéentsease grain yield, so they have more yield tBang tarom
and Tarom hashemi cultivar (Table 7). Grain yieldjuantitative trait, is itself regulated by vasoprocesses of
growth, differentiation, including phenology of grayield formation. It has been customary to coesigield as a
single character even though it comprises sevenaponents (morphologically differentiated reprodvetparts)
and each contributing to the final expression afrgyield [21]. SRI decreased grain yield in sajirsoil compare to
conventional system because of periodic irrigatsystem. Also grain yield decreased by use of compod
organic combinations in single experiments [4].
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Table 3. Mean square of planting system on lodginglated characteristics in rice genotypes.

Sours Of DE Stem Panicle Plant Panicle fresh l|=lag l|=Iag Internode . First lSecond . Third . Fourth Third internode Fourth internode
Variation length length height weight | eaf eaf number internode internode internade  internode diameter diameter
ength angle length length length length
Replication 3 665.17° 2.69¢ 168.58° 2.23 8.63°  93.97¢ 0.06* 35.33 14.24 12.91¢ 15.35 0.37 0772
gzg;‘:qg @ 2 4068° 19.31 267.58' 26.14" 6527°  336.40 0.04* 62.65" 16.52" 9.25° 2181 0.60" 1.70"
E (A) 6 270.65 4.67 10.22 0.04 3.05 66.56 0.16 2.06 1.49 4.89 3.98 1.04 0.03
Genotypes (B) 3 3819.8% 87.92" 3606.58 16.25" 7241 33525 1.53" 485.28" 53.58" 75.85" 135.41" 1.08" 1.48"
AxB 6 160.90¢ 0.90* 35.14 0.07¢ 2.24¢ 3.40" 0.02¢ 5.51" 1.58¢ 217" 0.29* 0.0 0.06"
E 27 113.71 2.05 10.30 0.03 1.50 11.11 0.02 0.75 1.10 0.34 0.88 0.03 0.02
C.V. (%) - 11.27 5.48 2.61 3.98 4.15 4.07 3.33 2.10 3.46 2.61 5.94 6.05 3.55
** and * respectively significant in 1% and 5% léve
Table 4. Mean comparison of planting system on lodigg related characteristics in rice genotypes.
Stem Panicle Plfam Panicle Flag Flag Internode . First ASecond ) Third ) Fourth ) Third ) Fourth
Treatments length length height fresh leaf leaf number internode internode internode internode |nltemode |nltemode
(cm) (cm) (cm) weight(g) length(cm) angle length(cm) length(cm) length(cm) length(cm) diameter diameter
Planting systems
Improved system 96.19 a 27.38 a 123.60 a 423 a 31.75a 85.56 a 4.44 a 40.94 b 31.13 a 2269 a 15.63 ab 2.38a 3.28b
SRI 93.00 a 25.69 ab 118.70 b 3.98b 29.00 b 76.69 b 452a 39.31c¢ 29.13b 2144 a 14.75 b 2.73a 3.89a
Conventional system 94.56 a 2531b 119.80 b 3.75¢c 27.81b 83.13 ab 4.44 a 43.25a 3144 a 2281a 17.06 a 2.68 a 3.94b
Genotypes
Sang Tarom 107.30 a 27.08b 13430 b 2.78d 30.08 b 87.33a 472a 44.00 b 3042 b 23.25Db 17.75b 2.28d 3.15d
Tarom Hashemi 112.50 a 29.50 a 141.20 a 3.22¢ 32.58a 85.58 a 4.83a 48.75a 33.08a 2533 a 19.50 a 2.48¢ 342c¢
Neda 7758 b 2358¢ 106.00 d 4.78 b 26.75d 76.83b 4.13b 35.08d 28.17d 19.58 d 12.42d 2.65b 3.65b
Shiroodi 81.00 b 24.33 ¢ 110.60 ¢ 517a 28.67 ¢ 77.42Db 4.18 b 36.83 ¢ 29.25¢ 21.08 ¢ 13.58 ¢ 2.98a 3.95a
Values within a column followed by same letterrawesignificantly different at Duncan (0.05).
Table 5. Interaction effect of planting system x geotypes on lodging related characteristics in rice.
Stem Panicle Plant Panicle Flag Flag Internode First Second Third Fourth Third Fourth
Interaction length length height fresh leaf leaf number internode internode internode  internode  internode  internode
(cm) (cm) (cm) weight(g) length(cm) angle length(cm) length(cm) length(cm) length(cm) diameter diameter
SV, 107.50ab 28.25 abc 135.80 b 3.00¢g 32.25b 90.75a 470 a 44.00d 31.25b 23.50d 17.50 cd 2.08¢g 3.05h
SV, 111.00 ab 30.25a 138.80 b 3.38f 35.50 a 88.50 a 4.88 a 48.50 b 34.00 a 25.25b 19.25b 2.25fg 3.13 gh
SiVs 81.25¢c 25.00 def 106.30 ef 5.08 bc 29.50cde 81.50bc 4.05b 34.75h 29.25 cde 20.25f 12.25fg 2.45 def 3.33 efg
SiVy 85.00 ¢ 26.00 cde 113.50d 5.48 a 29.75cd 81.50bc 4.13b 36.50 fg 30.00 bcd 21.75e 13.50 ef 2.73 cd 3.63 cd
SV, 102.50 b 26.25 cde 128.80 ¢ 2.78 gh 2950 cde 82.75b 4.75a 40.50 e 29.25 cde 21.75e 16.50 d 2.35ef 3.74 ef
SV, 106.30 ab 29.50 a 135.80 b 3.28f 31.75b 80.50bc 4.80a 46.75 ¢ 31.25b 24.25cd 18.25 bc 2.60 cde 3.70 bc
SVs 79.50 c 23.00 f 105.50 f 4.70 de 26.25fg 72.00d 4.25b 33.75h 27.00 f 19.25¢g 11509 2.8 bc 4.18 a
SV, 83.75¢ 24.00 ef 107.80 e 5.15b 2850de 71.50d 4.28b 36.25¢g 29.00 de 20.50 f 12.751fg 3.18a 433 a
SV, 111.80ab  26.75 bcd 138.50 b 2.55h 2850de 88.50a 470 a 47.50 bc 30.75 bc 24.50 bc 19.15b 2.40 ef 3.03h
SV, 120.30 28.75 bei 149.0 ¢ 3.00 ¢ 30.50 b 87.75 4.80¢ 51.00 34.00 26.50 21.00 2.58 cd 3.20 fgt
SVs 72.00 c 22.75f 109.30 de 458 e 24509 77.00c 4.10b 36.75 fg 28.25 ef 19.25¢g 13.50 ef 2.70 cd 3.45de
SVa 74.25¢c 23.00 f 110.50 de 4.88 cd 27.75ef  79.25bc  4.15b 37.75f 28.75 de 21.00 ef 1450 e 3.05ab 3.90b
Values within a column followed by same letterrawesignificantly different at Duncan (0.05).
S, S and S Improved planting system, SRI and Conventiorathiahg system, respectively.
V1, V2, Vs and \4: Sang Tarom, Tarom Hashemi, Neda and Shiroodi types, respectively.
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Table 6. Mean square of planting system on lodginglated characteristics in rice genotypes.

Third Fourth s . . Third . Fourth _ Fourth )
. . . Third internode Fourth internode internode internode Third internode - Grain Straw
Sours Of Variation bF internode internode bending moment bending moment breakin breakin lodging inde: internode ield ield
fresh weight  fresh weight 9 9 ~aKing ~aking 9ing index lodging index o V!
resistance resistance
Replication 3 4537 37.50 625793.17 35727.61° 2158 454 8338.2%4 902.50 1733897.63  1201424.8D
Planting systems (A) 2 14.73 39.19 371652.77 622851.81 15.95" 13.58" 26742.27 8055.25 603487.58  2262699.15
E (A) 6 3.10 2.74 30518.60 23383.42 0.61 0.88 577.66 265.92 75693.11 350625.26
Genotypes (B) 3 56.03" 67.05 533374.39 4348032.28 4497" 20.51" 56512.85 33598.61 3968702.13  4959737.08
AxB 6 1.05 0.43's 19744.33 10187.5¢¢ 0.18¢ 0.37¢ 2232.02 550.53 158099.0%  477610.5%
E 27 0.43 0.60 5714.29 45158.54 0.40 0.07 252.73 188.83 171365.12 380557.59
C.V. (%) - 6.11 5.80 4.09 8.35 6.90 1.75 7.32 8.05 10.63 9.12
** and * respectively significant in 1% and 5% léve
Table 7. Mean comparison of planting system on lodigg related characteristics in rice genotypes.
Third Fourth Third internode Fourth internode Third Fourth Third Fourth
Treatments internode internode bending bending internode internode internode internode Grain yield Straw yield
fresh fresh moment(g.cm) moment(g.cm) breaking breaking lodging lodging (kg hat) (kg ha')
weight(g) weight(g) ) ) resistance resistance index index
Planting systems
Improved system 10.75 ab 1359 a 1826 b 2508 b 8.63 b 15.06 b 226.50 b 170.90 b 4115a 6529 b
SRI 9.77b 11.71b 1705 b 2369 ¢ 10.32 a 16.43 a 172.50 ¢ 148.30 ¢ 3756 b 6571 b
Conventional system 11.69 a 1481 a 2008 a 2758 a 8.56 b 14.68 b 252.80 a 193.10 a 3807 b 7200 a
Genotypes
Sang Tarom 11.38 b 14.21b 1972 b 3002 a 7.38¢c 14.23c 274.00 a 213.30 a 3371b 7479 a
Tarom Hashemi 13.50 a 16.29 a 2074 a 3125a 7.64c 1432c 279.30 a 219.70 a 3449 b 7114 a
Neda 8.75d 11.01d 1631d 1985 b 10.47 b 16.27 b 159.00 b 123.10 b 4206 a 6397 b
Shiroodi 9.32¢c 11.98 ¢ 1707 c 2068 b 11.18 a 16.75 a 156.80 b 126.90 b 4545 a 6077 b
Values within a column followed by same letterraoesignificantly different at Duncan 0.05).
Table 8. Interaction of planting system x genotypesn lodging related characteristics in rice.
Third Fourth Third internode Fourth internode Third Fourth Third
. internode internode ¥ . internode internode internode Fourth internode Grain yield Straw yield
Interaction fresh fresh bending bending breakin breakin lodgin lodging index (kg hat) (kg ha)
. . moment(g.cm) moment(g.cm) : 9 : 9 odging ging 9 9
weight(g) weight(g) resistance resistance index
SV, 11.50d 14.25¢c 1930 ¢ 3002 bc 6.83 e 13.58 h 284.50 b 221.80 bc 3690 de 7341 a
SV, 1350 b 16.50 b 2065 b 3078 abc 7.10e 14.18 g 292.30 b 21730 c 3782 cde 7218 a
SVs 8.75¢ 11.25 ef 16009 fg 1922 de 9.80c 15.97 de 167.80d 121.00 efg 4416 abc 5962 bcd
SV, 9.25fg 12.38 de 1699 ef 2029 de 10.77 bc 16.50 c 161.50d 123.50 efg 4572 ab 5597 d
SV, 9.88 ef 12.38 de 1793 de 2783 ¢ 8.55d 15.73 e 210.80c 177.00d 3245e 7582 a
SV, 1250 c 14.38 ¢ 1858 cd 2905 bc 8.85d 15.25f 21050 ¢ 190.30d 3383 e 6767 abc
SV3 8.50 g 9.65 g 1559 g 1845 e 11.43 b 17.17b 138.00 e 107.30 g 4120 bed 6114 bed
SV, 8.20¢g 10.43fg 1610 fg 1943 de 1245a 17.58 a 131.00 e 118.50 fg 4277 a-d 5820 cd
SV, 12.75 bc 16.00 b 2192 a 3222 ab 6.78 e 13.38 h 326.80 a 241.30 ab 3179 e 7514 a
SV 14.50 a 18.00 a 2301 a 3391 a 6.98 e 13.52h 335.30 a 25150 a 3181e 7357 a
V3 9.00 fg 12.13 de 1727 e 2188d 10.18 ¢ 15.65e 171.30d 141.00 e 4082 bed 7116 a
SV, 10.50 e 13.13d 1812 de 2232d 1030 ¢ 16.17 cd 177.80d 138.80 ef 4786 a 6814 ab
Values within a column followed by same letterraoesignificantly different at Duncan (0.05).
S, S and S Improved planting system, SRI and Conventiorathiahg system, respectively.
V1, V2, V3 and \4: Sang Tarom, Tarom Hashemi, Neda and Shiroodi types, respectively.
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