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Extended Abstract

Introduction and Objective: In crop breeding programs, comprehensive information is needed
regarding the genetic structure of plant materials and their combinability. In this regard, the
present study was carried out with the objectives of evaluating the general combining ability of
parents and the specific combining ability of crosses, determining the nature and extent of gene
action, and finally estimating the heritability of quantitative and qualitative traits of sugar beet
hybrids by the analysis of line-tester crosses.

Material and Methods: The study was conducted as a line-tester crossing using nine lines and
two testers of sugar beet. For this purpose, maternal lines were planted in the middle lines and
pollinator lines were cultivated in two lateral lines and all the crossings were done by observing
the points related to isolation. A number of 18 hybrids obtained from the line-tester cross were
cultivated and investigated in the agricultural research station of Shiraz in randomized complete
block design with four replications during the crop season of 2019-2020.

Results: The results of analysis of variance of root yield, sugar yield, white sugar yield, sugar
content, white sugar content, sodium, potassium, harmful nitrogen, alkalinity coefficient,
extraction coefficient of sugar and molasses sugar percentage showed that among studied hybrids,
there is a significant difference at the 1% probability level in terms of all the traits except the two
traits of sugar content and white sugar content. Line-tester analysis confirmed that the additive
and non-additive effects of genes are involved in the expression and inheritance of root yield and
sugar yield; However, in the genetic control of white sugar yield, sugar content, white sugar
content, sodium, potassium, nitrogen, alkalinity coefficient, extraction coefficient of sugar and
molasses sugar percentage, genes with non-additive effect have not played a role, and according
to the significance of the general combining ability effect of the line or tester for the mentioned
traits, only genes with additive effect are involved in the control. In total, from the used lines in
the present study, 950123 and from the experimental testers, F-21121 had positive effects with
regard to the improvement goals of sugar beet. S1-24 and F-21122 were associated with negative
effects and caused a decrease in the breeding value of the traits.

Conclusion: Overall, obtained results showed the existence of diversity among hybrids derived
from crossing between lines and testers. Based on the results, genes with both additive and non-
additive effects are involved in the control of root yield and sugar yield, but in the inheritance of
sugar yield, sodium, potassium, harmful nitrogen, alkalinity coefficient, extraction coefficient of
sugar, and molasses sugar percentage, only genes with additive effect are involved. Considering
that general combinability shows the additive effects of genes, so parents with high general
combining ability also have a large additive effect that can be used in cultivar production.

Keywords: Baker ratio, Combining ability, Gene, Heritability, Sugar beet


http://dx.doi.org/10.61186/jcb.15.48.201
https://jcb.sanru.ac.ir/article-1-1469-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-02-03 ]

[ DOI: 10.61186/jcb.15.48.201 |

Y.y VY Gl FA o)louis [paa 3l Jlo / 2ly; LS oMol aslidang) o 06
8 srarb qalio 5 (55,3LiS pgle B> @

"‘:‘3&92 d&o"
28 e S g oS G Shg 5l (B r (SW55 sl g o Jos 3,90

o o

i x ¥ @355 3,b 3| (Beta valgaris L.)

¥ Y ¥ ERIE P
(d.taleghani@aree0.ac.ir : Jggme odims95) cily) «z)S «s5,9UiS gy 9 (oigel cliniog lajls (B jatie s A g Mol Clidios dusge =
Ol @S 3skiS sy 9 (gl liiod plojl widiniin )y a5 ol Sl Ao Y
Ol Gl «(65,9UiS gy 9 bigel «lindod lojlos )b sl (mulo wilio 5 (55ygliS” Sbjgel g Sliing S se aB )iy Cliding iy —F
VYV (bl gy VEYVY el ol
YIYE Y iaio
b guso 805
5 el 15 T v 5 ol 55 5 (LS Slge (S5 o L a5 asly Sledbl 4 el5 (aLS Dol sloak > 1B g dose
2903 Joe Olie g Canle (I pogad (s iS5 g (nilly (oges S pdiceSs cell byl Sl b ol adlbs Ly oyl
A8 Ll s =Y (IW o8 G )b jl A8 juie ok e (4S5 o Slio s pliily 3l coles
P sole slacy jslate cpl 4y 05 plosl 08,0t 005 i 93 5 (Y & jl ool b s —p¥ (B &jgody pils aslllas 1l gy g dgo
ool b o2 VA i b pdy Oy b I alS (oY gl & bgyye IS Coley b g wad culS ol bs 90 )0 (6 slapY g She balas
5 CudS 3y90 jled (655l Clidnd ol )3 S5 e b Bolai oS slacS'sh )b B )3 WAAWAR el b (b s Y (B 5l
S 518 (o)
o 0y (553550 ey o ol 8 03 IS U5 o s S8 3, hes S8 3 Sk iy 3,Shos il 48 ol Hbatily
el yalb g JalBL A8 s )d Chs 9 Slae alS bl by s o 50 a5 ol L e A8 Loy g S Jhastinl (o pb @S]
S)lF g ol 3 ply Cygod g bl pe g (Ll OIS g o] Whe s Y A jad o)l 39y dops Ko Jleis] aw )3 ()l e
oo pald WB Mo (alBL AB o yd it (S 0 Slas Olas (S5§ J,iS 50 bl e 8 (2l a8 5 Sles g ddy ) 5)Slas Slaws
Albdne )5 5 cunl anlis onge (o285 (Ll 5t L ola) (oo 18 8oy 5 1S5 Jlastsl o pd WSl o (5955 ealy
olitl 390 (slacpY jl ggeme 3 Nyl s Clio (pl S8 53 Gl S L 2laj Byo e Slao (gly s b g (0¥ (eges plienS S
S1-24 Y b o w8 SNl Blaal 4 g b ) e Ol 3 F- 21121 s« adolojl (sl yins 51 9 950123 (Y cpols yimghy 5o
L4535 Slao (Aol i)l JialS cunw g 109 ol et it I L S 0 F-21122 s
3 s bl g wyp ot gl s 5 aepY cps (I ol slady pn lo £65 393y (e delCsddy gl £aetme 4D 15 S AU
(B S0 ySlas Glaw cilyy o Lol wiws s aolj8l e g oli8l 5l ed o b gla s 2B )Sw 3,Sles g ady) 3,Slos Slaw 8
Calild aSl @ jlas s By aoli8l SHL clays s e W8 Mo g S Jhastivl o po ] o b 0o ()59 omly (oaiuw
olyad 4 35 (3l j (o381 31 i)l )55 0 VL oges (sl 5 bl a8 ladly cul s el oy el Bl ST e og0s (g dsS S

«S (Salazar-Ordofiez et al., 2013) cosl Jobl 03554
Gl dnely Ky 53 385 Ll b g o 3Suls K55 e
3)90 S sgbas Bl 03gicun ) @lie (deud o gw |
low g LAl 5l oolatwl (slize 4 a5 5,5 1,8 solal
dge el Jb cpe 30 5 Canl (s &Y guaze Algi gl y
Commission, 2018; Mohr & ) .S’ e (e |y (olie
polde B yass W8 Cais Lisly pl 45 (Raman, 2013
@ Wlgi e & A5 (0 Mg (Sl SV gase | (w2er LB
Coodl & drg b 1Y gl (US55 e 55k
GBS 5 o5 08es 25 (sl olS ol Mol B )uizy
e (6550 Cusal rpneud jd owll 38 WlgS o Jouarco
S0 ORI cplpliy sl andly (Bgw (551 g
S3loalil g dngi b (S35 @lie sl ool (2] g 48 )hike
asye i dlp ool (85 5 (o5 3o L bty o
hoss ued] P atecun) lasl o liE Sl
Jus a u.c\))' G PWEL Olf.\;.;fc)’l..ol W Iy
zaly Sl clp (2l 9 2ol Gl (K655 350 (2 Famlio
DS USo by o S Ml el ppamo o) 53 i gl
oMbl 45 alayly ol )3 53,5 e 4o b 3N o ol
SW > by 4 pally (Seisf sl b dbaly )3 (rol>

Sy oy el g o bl ) ol e a5
Sy oS Capnd (F )3 S T IS S0l
Aoddo

@O Ll olar Camex (i938l59) Sl 4 s
or9) et lul s 5 (e Cutel dinej
o 88 )is> (Alexandratos & Bruinsma, 2012) ¢!
Sb g Baa b lax 3 85 Cul Jgaze (agd S ]
9l olS ol Ay 298 0 S ludl B (gl o
MW slp ol adgl odle & canl 550 51 SYL do
S 3 aByatie ady) Sl Wy S e el ) S5
sobdy Loy a5 (FAO, 2021) cusl 5 s YVA
DS )8 odlatul 3)90 S gl Caa slaxdl
Lol et w8132 51 S5 Ao jled po (aliie (gl jguiS
d9de (A Sy 005 G L)l ol daily (pl 5>
WS (oo Mg plaz pulyw 3 1y KB Sl aoy3 0 390 oS
Jds w oS 58 i ol e (Commission, 2021)
IS abye pos) 5 alom 5 Ol Sl 0,90 )3 SIS
oS s s Cow & (d (lacdgw GByas
Ol o | j el ool Jb 53 S8 sl s ik
1 5,80 5 odlizul b auS o 30 BaS a5 on
ol S5 0im hyiad e ¥ sms 51 mlio
) SSsw Mg slp pl olo plgisa 8)u


https://creativecommons.org/licenses/by-nc/4.0/?ref=chooser-v1
https://www.openaccessjournals.com/
http://dx.doi.org/10.61186/jcb.15.48.201
https://jcb.sanru.ac.ir/article-1-1469-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-02-03 ]

[ DOI: 10.61186/jcb.15.48.201 |

vy

5 50 ddlas s i Judo ) duljel e
S & 3l oL (Mahmudi & Abbasi, 2018) e
sy b g b bilegiy 4 eles gole Al
st o g LigSag) ilogin) slaisilon 4 Caoglie
bl b B plo o 3 3Sdes S5 1) o ped cp e
by e (Abbasi et al., 2019) 4, Ken 5 wls 5)S
Soh g Ve g s §gple Wy ke (S5 ol
W33 3 gy CS (6598 4 Jooi i ) ladles,S
PS8 3)Skes ) 3)Skes lao lp (655 il 29l
295 5 Ll 93 40 53 a5 0l (LS dpdes S5 3 Sl
Sl (el Bl el & Cod e il )lg oo Jloyi
S Slao pogad (s phcdl)y S obdr 5 col
oS (03 Sles Slas glp ol g iy i bylyd )
Slao (lp (pgee S § @l dg §olo g990 1]
ol i g Jloy balyd )3 1) Bl (su59) cg3 Ses
Sy ogad g (pges GnhieaS y bl g3 1 b
At pho By pot 51y 5, Sles
hoi&ﬁw&ﬁlﬁ\tﬂﬁmdl.\mlbpbﬁb
g oy eges eSS gl o)
Jos Olie g Cale (i Ao I pogad (s plpS
SS9 o5 Slie phcdly dln ol 9 0
D2 yid =¥ (SW w5 b jl 48 aie oy

W g, 9 dlge

WBjax oSy 6y (Y 8Ol Sl imggy
6Pl Y 0 b oy ol i S il (slaeg)S 5l 4
Mol laiod duwho deyio 40 s — pY & 50 B )
() Jgiz) Wb odls (IW S0uso b w8 )hise )h 4
SLidlos )3 51 ookl b gyt y b g (sl B 4l
Sl oy jslaie cpl a0 plog] Lm‘_’)] O o S
CuiS (Bl bt 53 5 6y Y 5 Sl bshas
859k Olidss oKl > dols slaFl 35 plol
)5 )3 (g 3)90 VAW el)j Jlo (b 5l
Jobo 483> Y8 g a3 OY jl ole o] oLl Slaie

o By W eselcwddy byyee A Sl
o 4 L i o 5 o b (ol oS (slocSsl
2 o il O CublS bolas alold L6030 ,8 cuiS i V-
Joliie sla g, sillae cudly Glles alS .0l a8 )3 Lo
e bl p (Brae Ol jolie 085 plxil adaie o
ilojl G )S 4l ) (golue jobas g dulre oy
el Sy Sibg Spowe i slacile bojle 45 @ j5
plosl (A Ule pgous b dlojo s (b J g (s g b
idyras bl des 5l 60K 9 by Hslaiedy .8 S
b gl )2 .85 )18 sl cod Cije 0jgoh g)lse
e caley b Gle b e 5l ool Jol any 3 43,
Sllas @il plysa oS glal 5 bl i e le
a5 gl iy i 5 Gl b ohan el

bl S 9 3y gopbo o ¢ o2y PGB gl
VBT Gl /FA oyloss /o33l Jlo [ £l); kS oMol asliing}

Jlo > canl 5l 3000 ] (s iS50
poras (Sprague & Tatum, 1942) poils 5 Syl VAFY
S iS5 Cabl pMacl g K390 g Mol a8 5 biB
Slg 3 o0 B l) pogad s phicas 5 bl y (ogee
Sbo) Jos i b basye pogad 5 (eges Gl S
S sae5 (S A Slho Sy 5 S
osbly (ol Bl i o9t GpdicaS 5 g o8
SBll I 26 VU ity o5 335 Juli 1y S
(Rojas & Sprague, 1952) wib o (sjliu) 5 cudle
B g (eges pbesSy el e Gl
ey (hlisee lagdgy bacnY (pogad s phicdSy
g 95 oz )b & g bl )l & cusl ons
5 s oY 48 geil Sla I WSy o B
Nduwumuremyi et al., ) 5,5 o)lsl Jlg> slaz,b
o iy Sy opds bz b ol ol Can (2013
bS5 g plly (egee (s phiceS 5 Slaclll o
Yooro «blial pl & Jo (gl 2l o o W ogas
sk 5l c.\;.f)c)/hol s (S oS Sowd = opY a0
g Jbodsl sl s (Sharma, 2006) cusl Ll,SCb
Do o3l b &Iyl (Kempthorne, 1957) g0
W335 slall 51 (S s —cpY g by Clids
oS 4 &l pdieaS S OBl eSS gl a9
WS oo S8 lo o g 13 Cgllae (sla B 5 cpllg
ol .(Jain & Sastry, 2012; Rashid et al., 2007)
w8y 0L ol 1 eoldtwl peus (BT (S5 SleMbl Jouas
b duslie 3 gy ol Cuje (n e ( SW 29450 3lasi
S Soye 2 R G sl (SF gk ple
b g majos dpsln el 4y )l 4 alojl )3 cplly
el plol B s o
S5 Oladllae Cga calisee Blual b (gadate Gldiss
Amin et ) 55 53 Cgllas (S5 sty b o8l 35 5
al., 2014, Bekele & Rao, 2013; Elmyhum, 2013;
Ghorbani et al., 2013; ) z, {(Mahesh et al., 2014

¢ «(Pradhan et al., 2006; Rahimi et al., 2008
Amiruzzaman et al., 2008; Istipliler et al., 2015; )
Abdel ) .5 (Ali Saremirad & Mostafavi, 2018b
oS ew o (Nour et al., 2011; Fellahi et al., 2013
(Thakare et al., 2014; Williams-Alanis et al., 2022)
bodayly 5 ol osd pbl jiws =Y hgy 5l edlaiwl b
ol (Cacic et al., 1999) ,)Ken § (uuwlS’ L8 0iie
e s 1B psiie (&S 5 oS Slio alai 3 45 WS
S oo W (it 38 CdlE ST (gla ] oSS ool
Loally S (B ) ol s o woges ()5S g
U Ll oL YU eges spiieaS S g
opad SpheS 5 QUIF 5l onb (eges b S
Doney etal., ) 4,San g g3 .09 Lnled Jl3)68 5 oYL
Oljpods 28 )dis Ay 53 (Jsho anads o 250> (L2 (1985
s 53 3l S5 55 e 31 S cov s 1B
Slow & Cunglia ) bayj b gy glaieds o (5,%0
uasuie ((Orazizade et al., 2002) 1 pbsl S5y aSJ
5 il B 93 5p (gilon 4 (LS (iSTy )5 &8 WS


http://dx.doi.org/10.61186/jcb.15.48.201
https://jcb.sanru.ac.ir/article-1-1469-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-02-03 ]

[ DOI: 10.61186/jcb.15.48.201 |

vof

Table 1. Specifications of the sugar beet lines and testers
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Table 2. Analysis of variance for different traits in experimental sugar beet genotypes by linex tester analysis

A8 doyd . A
ke E)iaggion eleers 0393 ol s oAb wBasy LAl ey ahe SEosle Sdsske afyoSke  wlanp 5 gilie
Molasse of sugar = orae K* Na* White sugar content Sugar content White sugar yield Sugar yield Root yield df Source of variation
sugar 9 Alkalinity N
0.81 13.76 0.16 0.25 6.70 0.40 0.52 0.27 6.02 12.05 243.22 3 )‘.’Sj.
Replication
0.72** 30.06** 0.96** 1.14** 3.71** 2.69** 3.97™ 1.74™ 3.21** 5.53** 165.73** 17 Cisﬁs
1.04%* 49.99%* 1.34% 1.29%* 171 3.76%* 6.95" 2.88™ 3.23* 6.25%* 249.38** 8 Lﬁ;fs
1.30* 60.65* 0.78™ 4.43** 37.98** 11.70** 9.40m™ 3.71™ 15.73** 14.74** 163.50* 1 T(;‘S"tjrs
0.33™ 6.32"™ 0.60™ 0.58"™ 1.44™ 0.49" 0.32™ 0.35"™ 1.63™ 3.67* 82.36* 8 M_X‘ﬁ\l JhiSen
Lines x Testers
0.30 12.41 0.37 0.43 0.71 0.90 2.65 1.99 1.25 1.27 23.01 51 EurQrZr
12.28 4.68 18.88 16.16 8.89 29.25 10.55 6.89 10.48 7.94 6.91 (Z_) Sl o
Coefficient of variation (%)
67.82 78.24 65.65 53.22 21.66 65.83 82.34 77.95 47.29 53.13 70.81 y «\j."e‘“’ .
Contribution of line
10.60 11.87 4.79 22.79 60.15 25.63 13.91 12.57 28.80 15.67 5.80 e ok
Contribution of tester
21.58 9.89 29.56 23.99 18.19 8.53 3.75 9.48 23.91 31.20 23.39 s XY S ot

Contribution of linex tester
I sxe pE g oy K g gy Jlein] zolaw 3 dxe Cud S 4 NS g

*, **and ns: Significant at 5%, 1% and non- significant.
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Table 3. Values of different genetical parameters for different traits in experimental sugar beet genotypes by linex tester analysis

oMo LB Lo S8 Jlasil o o ISl o i ophe (159 eely 2 o S5 3)Skas S 3 Sl adyy 3)Slos olly sloadlse
Molasse sugar Extraction coefficient of sugar Alkalinity N K* Na* White sugar yield Sugar yield Root yield Variance component
0.01 0.90 0.01 0.02 0.09 0.08 0.06 0.07 3.15 @"ﬂ‘ﬁgzw“w?
A
0.01 - 0.06 0.04 0.18 - 0.10 0.60 14.84 el by
.Sn
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SCA
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Baker ratio
1.07 - 2.93 1.89 2.06 - 1.80 413 3.07 Colle 42>
Degree of dominance
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h
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Table 4. Estimate of general combining ability (GCA) effects of experimental sugar beet lines and testers by linex tester analysis

Molasse sugar Extraction coefficient of sugar Alkalinity N K* Na* White sugar yield Sugar yield Root yield Line/Tester
Line
-0.08™ 0.92™ 0.17™ -0.33™ 0.37™ -0.53™ 0.35™ 0.29™ 0.22™ SB 27
-0.27™ 1.65™ -0.46* 0.27™ -0.14™ -0.71* 0.25™ 0.06™ -0.53™ 920760
-0.21™ 1.89™ -0.66** 0.65** -0.29™ -0.51™ -1.06** -1.75%* -10.91** S1-24
.07™ -0.22"™ -0.35™ 0.46* 0.09™ -0.01™ -0.66™ -0.85* -4.28* 920128
-0.54** 3.33** -0.05™ -0.46* -0.75* -0.70* 0.30™ -0.20™ -2.85™ SB 33
0.29™ -1.78™ 0.43* -0.19™ 0.42™ 0.50™ -0.24™ 0.00™ 1.09™ SB 51
0.27™ -2.45* 0.47* -0.34™ 0.29™ 0.58™ -0.02"™ 0.43™ 5.15%* HSF-14- P.35
-0.18™ 1.24™ 0.12™ -0.27™ -0.56™ 0.11™ 1.15** 1.26** 4.97** 950123
0.65** -4.58** 0.33™ 0.21™ 0.57™ 1.27** -0.08™ 0.75™ 7.15%* 33866- 94
3kl (glas
0.19 1.25 0.22 0.23 0.30 0.34 0.39 0.40 1.70 Standard error
Tester
-0.13™ 0.92™ 0.10™ -0.25* -0.73** 0.40* 0.47* 0.45* 1.51™ F-21121
0.13™ -0.92™ -0.10™ 0.25* 0.73** -0.40* -0.47* -0.45* -1.51™ F- 21122
S lislal (slas
0.09 0.59 0.10 0.11 0.14 0.16 0.19 0.19 0.80 Standard error

o o b g g hoyd S g iy Jlain] pskaw 53 I3 e a5 4 NS g e i
*, ** and ns: Significant at 5%, 1% and non- significant.
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Table 5. Estimate of specific combining ability (SCA) effects in experimental sugar beet hybrids by linex tester analysis

e 35 103 S5 Jeaid a5 ISl s ede i el o sk S5 Shes JEEp eI s oY
Molasse sugar Extraction coefficient of sugar Alkalinity N K* Na* White sugar yield Sugar yield Root yield Tester Line
0.17™ -0.36™ -0.12™ 0.31™ 0.35™ 0.04™ 0.05™ 0.13™ -0.63™ F-21121 SB 27
0.22"™ -0.79™ 0.10™ 0.04™ 0.56™ 0.08™ 0.27™ 0.50™ 1.49™ F-21121 920760
0.01™ -0.32™ 0.06™ -0.13™ -0.23™ 0.31™ -0.87™ -1.12* -5.26* F-21121 S1- 24
-0.02"™ 0.11™ 0.01™ -0.08™ -0.01"™ -0.01™ 0.65™ 0.86™ 4.12™ F-21121 920128
-0.23™ 1.07™ -0.05™ -0.16™ -0.29™ -0.35™ -0.36™ -0.66™ -3.19™ F-21121 SB 33
-0.21™ 0.76™ 0.06™ -0.23™ -0.58"™ 0.02™ -0.19™ -0.38™ -0.76™ F- 21121 SB 51
-0.27™ 1.32™ -0.21™ 0.10™ -0.45™ -0.36™ -0.14™ -0.45™ -2.07™ F- 21121 HSF-14- P.35
0.05™ -0.44" -0.43™ 0.50™ 0.09™ -0.08™ 0.36™ 0.56™ 3.49™ F- 21121 950123
0.28™ -1.34™ 0.58™ -0.36™ 0.56™ 0.35™ 0.22™ 0.56™ 2.81™ F-21121 33866- 94
-0.17™ 0.36™ 0.12™ -0.31™ -0.35"™ -0.04™ -0.05™ -0.13™ 0.63"™ F- 21122 SB 27
-0.22"™ 0.79™ -0.10™ -0.04™ -0.56™ -0.08™ -0.27™ -0.50™ -1.49™ F- 21122 920760
-0.01"™ 0.32"™ -0.06™ 0.13™ 0.23™ -0.31™ 0.87™ 1.12* 5.26* F- 21122 S1-24
0.02™ -0.11™ -0.01™ 0.08™ 0.01™ 0.01™ -0.65™ -0.86™ -4.12™ F- 21122 920128
0.23™ -1.07™ 0.05™ 0.16™ 0.29™ 0.35™ 0.36™ 0.66™ 3.19™ F- 21122 SB 33
0.21™ -0.76™ -0.06™ 0.23™ 0.58™ -0.02™ 0.19™ 0.38™ 0.76™ F- 21122 SB 51
0.27™ -1.32"™ 0.21™ -0.10™ 0.45™ 0.36™ 0.14™ 0.45™ 2.07™ F- 21122 HSF-14- P.35
-0.05™ 0.44™ 0.43™ -0.50™ -0.09™ 0.08™ -0.36™ -0.56™ -3.49™ F- 21122 950123
-0.28™ 1.34™ -0.58™ 0.36™ -0.56"™ -0.35"™ -0.22™ -0.56™ -2.81™ F- 21122 33866- 94
0.27 176 0.30 0.33 0.42 0.48 0.56 0.56 2.40 2yl (glas

Standard error
DBt g 0oy S g gy Jlain] zsbaw 53 I3 dme a5 4 NS g e

*, ** and ns: Significant at 5%, 1% and non- significant.
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